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Thompson Boilers are known the world 
over. Of the 18 Companies which form the John 
Thompson Group eleven are engaged in the design and 


construction of plant for the generation of steam. 
The products of the Group range from the best 
known of all industrial steam generating units, 


i.e. the Lancashire Boiler, to the large modern 
Water Tube Boiler which is used to power the 


turbines by means of which electricity is generated. 
The activities of this Group of Companies are 
spread over a total area of ground exceeding 100 
acres which is occupied by factories and offices 


situated in Wolverhampton, Bilston, Dudley, 
Leeds and Glasgow, and the Grouphas Companies 


overseas in Australia, South Africa, India, 
Brazil and in New York, U.S.A. In addition to 
the main steam generating units, various member- 
Companies manufacture much of the ancillary 


plant and equipment, such as Mechanical 
Stokers, Pulverised Fuel plant, Instruments, 
Water Treatment plant, Ash and Coal Conveyors, 
Industrial Flooring, Structural Steelwork, etc. 


In the offices and workshops of this Company, John Thompson Water 
Tube Boilers Ltd., are designed and built large modern Water Tube 
Boilers — BETA— RADIANT HEAT—ETAFLO—LA MONT for 
all steam power requirements, for waste heat recovery and for using 
special fuels such as Coke Breeze. Complete Water Tube Boiler instal- 
lations designed and built by this Company are in operation in many 
power stations of the British Electricity Authority, in power stations 
overseas und in the Works of large industrial undertakings at home and 
abroad. The forced circulation John Thompson 1.4 MONT Boiler is a 
compact unit for installation in confined spaces, and for this reason is 
used extensively for marine purposes. 


Please address enquiries, and requests for illustrated iitevarure relating to 
Water Tube Boilers, etc., direct to: 


JOHN THOMPSON 
WATER TUBE BOILERS LIMITED 
WOLVERHAMPTON 
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CAST FROM 
A NEW PATTERN 


ITH this issue of ENGINEERING we have 
W ciiectea a major change in the layout 
and typography of the editorial pages. Since 
1866, when the journal was founded, the four 
thousand five hundred and eighty-seven 
issues which have been published have con- 
formed, in the main, to the same general 
arrangement. Minor modifications have 
been made from time to time, but every 
issue has been cast, if not from the original 
pattern, at least from one very like it. Now, 
on January 1, 1954, a new pattern has been 
made, and we present the first “‘ off’ to you, 
Sir, the reader, with reasonable confidence 
that it will accord with your taste and needs. 


We have, indeed, studied your taste and 
needs. Would we be wrong to suggest, for 
example, that you agree that there is no pro- 
fession to equal that of the engineer in 
interest, scope and the chance to produce 
something of value to mankind ? That you 
are a specialist - whether as, say, a specialist 
in management or (for a few, mercifully short, 
years) in passing institution examinations ? 
That you are alive to new ideas, and that 
you have the imagination, the experience 
and the intellect to seize upon and apply even 
those new ideas which, because they have 
been developed in fields of engineering other 
than your own, appear at first sight to be 
irrelevant to you and your work ? If we 
are wrong in all these assumptions we are 
wrong also about this new layout and typo- 
graphy. But if we are right, then this is the 
first issue of many which will convey to your 
mind, week by week, ideas which only you 
can take up and develop in the particular 
way, and for the particular purpose, which 
your work and opportunities allow. 

We recall a senior draughtsman who, 
though he was near retiring age, still retained 
his life-long habit of examining everything, 
however slight, of which the design and con- 
struction were not familiar to him. On one 
occasion, while we were walking through 
the works with him, he stopped abruptly 
and picked up what appeared to be a piece 
of scrap timber. Fixed to it, however, was 
a section of upholstery. His quick eye had 
seen that the method of fixing the upholstery 
to the timber was novel, and he made a 
mental note of it. He would not ignore 
something because it was apparently rather 
dull —like a piece of upholstery. But even 
engineering developments which are inher- 
ently interesting can pass unnoticed by 
engineers generally if they are not presented 
significantly. Engineering abounds in new 
ideas, new designs, new techniques and new 
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products, and it is therefore our object to 
present them in such a way that the reader 
can at least equal his colleagues — and his 
competitors —in the facility with which he 
keeps abreast of them and uses them. 

We do not pretend to be original in this 
approach, but we do believe that at least 
once in a generation the technique of pre- 
sentation must be revised in the light of 
changed conditions. The founders of ENGI- 
NEERING, if they could visit 35 and 36, Bed- 
ford-street to-day, would no doubt be proud 
to find that their original pattern, with minor 
modifications, had served engineers and 
engineering for so long and so well. Almost 
certainly they would be surprised. If they 
were to browse through the 176 volumes 
which are to be found on the shelves of 
many scientific and technical libraries to-day, 
they could not fail to marvel at the tre- 
mendous tide of development which the 
columns of this journal have carried. After 
they had grappled with the science and art of 
engineering as we, in 1954, know it, and had 
failed to understand a tenth of what they 
saw and read, they would certainly begin 
to wonder whether it was even possible for 
their editorial pattern to have survived. 

In making this change, therefore, we are 
not breaking faith with them, or betraying 
the trust which has been handed down from 
them to us. We are endeavouring to do, 
in 1954, what they did so well in 1866. 
Many factors have been taken into con- 
sideration, and in the years ahead we shall 
take in more. Like many other journals 
we acknowledge our debt to the newspaper 
and the typographer (Mr. Stanley Morison) 
who were responsible for the Times New 
Roman design introduced just over 20 years 
ago. We acknowledge also the valuable help 
of Harrison and Sons, Limited, the printers 
of ENGINEERING. Type design, however, is 
only a part of the production of a journal. 
The contents, week by week, must obviously 
determine its value to the reader. In that 
connection may we make one more assump- 
tion — that readers are more interested in the 
results than in any statement of policy? 
They will judge, from this and future issues 
of ENGINEERING, to what extent we succeed. 

By a coincidence, the Council of the 
Institution of Mechanical Engineers have 
recently approved the publication of a new 
Institution journal with improved layout and 
typography, as reported on page 6 of this 
issue. Perhaps it is not a coincidence; 
maybe their change and ours are both signs 
of a growing realisation that journals ar- 
ranged like the transactions of a Victorian 
learned society can no longer convey ade- 
quately the myriad messages of science and 
engineering in Twentieth Century Eliza- 
bethan Britain. 


Weekly Survey 


THE OUTLOOK FOR ENGINEERING 


According to the latest statistics issued by the 
Board of Trade, the engineering industries did 
well in export markets in November, 1953. The 
figures given by the Board, and the general 
picture of British industry given in the December 
issue of the Treasury’s Bulletin for Industry 
supplement, to some extent, the review which we 
commence on page 10 of this issue. 

The course of production for British industry 
as a whole appears to have been according to the 
following pattern : a fall from the beginning to 
the middle of 1952 ; a full recovery by the end of 
1952 ; the attainment by May, 1953, of a new 
peak level ; the loss of this level from June to 
August (partly because of people having a 
fortnight’s holiday); and a new spurt in Sep- 
tember and October, 1953. The Treasury’s 
provisional conclusion is that the output of 
industry for 1953 may be some points higher than 
the previous peak achieved in 1951. This was 
the aim announced by the Chancellor in the 
Budget Speech, when he said we must do better 
than ‘‘ make good the decline in output last 
year.” 

Crude steel production in November was an 
all-time record. For the first 11 months of the 
year the annual rate was 17-6 million tons, 
compared with 16-1 million last year and 16-4 
million in the previous best year, 1950. Deliveries 
of finished steel have been running at about 
7 per cent. above 1952, and no serious shortages 
now exist. Motor-car output in September and 
October was 38 per cent. higher than the average 
for those months in the two previous years. 
Commercial-vehicle output was at about the same 
level. Some types of industrial plant and equip- 
ment showed higher output figures in September 
than the year before, among them boilers, fuel- 
oil burners and furnaces, conveyors and elevators 
and machine tools. Others, however, have been 
falling, including industrial valves and works 
trucks. The value of factory buildings under 
construction at the end of September was the 
highest for two years, but was still 14 per cent. 
down on September, 1951. 

The volume of United Kingdom exports up to 
the end of November, 1953, is expected to be 
about 3 per cent. greater than in the corres- 
ponding period last year. Volume is not, 
however, the same as value as there has been 
some decline in export prices. The value of 
United Kingdom exports in November amounted 
to £239-9 million. There were only 25 working 
days in November, but on a 26-day basis the 
figure was higher than in any previous month. 
Imports for the first 11 months of 1953 averaged 
monthly £278-7 million compared with £292-6 
million in 1952. This decline of 5 per cent. was 
a consequence of a considerable fall in prices up 
to the middle of 1953. The volume of imports 
in the 11 months is estimated to be 10 per cent. 
more than in the corresponding period last year. 

Exports of engineering products increased by 
10 per cent., but a large part of this increase 
represented a recovery from the low figures 
recorded in the third quarter. In the five months 
July to November the monthly average of exports 
of engineering products was slightly less than 
in the first half year and still 3 per cent. below 
the rate in 1952. 

The level of exports of electrical goods and 
machinery was lower in the five months than in 
the first half year, but vehicles were a little 
higher, mainly because of the record level of 
exports of aircraft. The value of exports of 
metals in October and November was nearly 


10 per cent. greater at a monthly rate than in 
the previous quarter. This was the only major 
group the export performance of which did not 
substantially deteriorate in 1952. Average 
monthly shipments from July to November this 
year were more than in any previous half year. 
Referring to imports, the Board of Trade state 
that prices have been much lower on the average, 
and substantial reductions, compared with 1952, 
in imports of iron and steel, and manufactures, 
machinery and cotton textiles are attributable in 
considerable measure to smaller defence require- 
ments and, particularly in the first group, 
increased domestic production. The Treasury’s 
Bulletin concludes the review of national pro- 
duction with the statement that “ most of 1953’s 
rise in production was derived from an increase 
in home demand, including some re-stocking — 
particularly of goods most affected by the reces- 
sion in 1952—and not from higher exports. 
Abroad, the picture is less encouraging. Whether 
production can be maintained and pushed to new 
heights in 1954 will turn, to some extent, on 
whether the trend of exports can be directed 
sharply upwards again.” Which is substantially 


’ the conclusion reached in our Engineering Out- 


look article. 
xk k * 


AIRCRAFT PRODUCTION 


With the trend towards supersonic speeds and 
the adoption of wings of smaller thickness/chord 
ratio, the aircraft industry has begun to find it 
necessary to break away from the light-gauge 
built-up skin-and-stringer structures that have 
been in use since the early 1930’s, and to turn to 
structures with fewer components and joints 
in which the stiffening members are formed 
integrally with the skin plating. 

At present, experience of such structures is 
based largely on components machined from 
solid billets, and in the United States, which has 
progressed farther in new constructional forms 
than has the United Kingdom, costly machine 
tools are under development to produce the 
complicated forms dictated by the necessity to 
keep structure weight to the minimum. Large 
forging presses up to 50,000 Ib. capacity are also 
under development in the U.S.A., which will 
reduce the amount of machining required and 
will result in more efficient structures. At the 
aircraft production conference held in Southamp- 
ton recently by the Institution of Production 
Engineers (a report of which is given on page 7) 
the problems of integral construction were 
among the matters discussed, and possible 
methods of tackling them without vast capital 
expenditure were suggested. 

Criticisms by the users of aircraft, both 
military and civil, were also heard at the confer- 
ence, and the remarks of the chief engineer of 
British European Airways, Mr. B. S. Shenstone, 
on the “ poor standard” of workmanship in 
some British aircraft have attracted considerable 
publicity and some adverse comment. Vickers- 
Armstrongs Limited have issued a statement, 
with the authorisation of British European 
Airways, that their Viscount air-liners have 
given the Corporation full satisfaction. . Sir 
Miles Thomas has said that British Overseas 
Airways Corporation could not substantiate 
Mr. Shenstone’s view and that British workman- 
ship is as good as any in the world. The Society 
of British Aircraft Constructors describe Mr. 
Shenstone’s remarks as “ unsubstantiated general 
criticism’ and have asked British European 
Airways for details of the complaints to put 
before the appropriate technical committee. 
Sir Geoffrey de Havilland, in a letter to The Times, 
considers it ‘“‘a pity . . . to have provided our 
competitors with an undeserved weapon .. .” 
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The British aircraft industry has little to far 
from its competitors so long as it maintains its 
unparalleled post-war record. Indeed, the f ct 
that the national Press publicised Mr. Sh n- 
stone’s remarks so widely was undoubtedly cue 
to the fame of that record. But does this mean 
that every speaker at meetings of technizal 
institutions must now guard his words lest they 
are taken out of their context and headlined 
throughout the world ? 


“= & & 


GRADUATES IN THE SHOPS 


The discussion at the Institution of Mechanical 
Engineers last month on the best method for a 
graduate in mechanical engineering to fit in 
adequate training in industry revealed a general 
agreement that some form of “ sandwich” 
system is preferred, both by the universities and 
industry. A year spent in a works immediately 
after leaving school gives the future under- 
graduate an experience of practical engineering 
and of working among men which is invaluable 
to him in the university. A further year in the 
works after he has graduated enables him to 
complete his general appreciation of practical 
engineering in relation to his academic studies, 
Extracts from the four papers are given on page 4 
of this issue. 

Opening the discussion, Mr. F. R. Livock, 
suggested that the universities should tell every 
accepted applicant that it was in his interests to 
spend a year in industry before going up to the 
university. Members of the Institution, he 
thought, had an obligation to guide the younger 
generation, and the most practical way of 
honouring that obligation was to act as personal 
tutor to one or two graduate or student appren- 
tices in training. Mr. J. C. Jones remarked that 
war-stricken Germany had introduced a com- 
pulsory part-time day release scheme for all 
young people between the ages of 15 and 18- 
“* something which, despite two Acts of Parlia- 
ment, we are still unable to afford.”” He madea 
special plea for the important minority of boys 
who left the higher forms of secondary school 
at the age of 18; if some kind of sandwich 
scheme could be offered to them the engineering 
industry would be doing something to attract 
valuable material from competing avenues of 
employment. 

Mr. S. A. Wood said that at the Ministry of 
Supply there had been a trend away from part- 
time external degrees towards part-time training 
schemes; the accent was on associate member- 
ship of the Institutions rather than part-time 
degrees. Professor L. J. Kastner confessed that 
he had been a “ victim ”’ of the sandwich scheme. 
He was very much in favour of it, but it was 
essential for the young man to spend one whole 
day a week in a technical college during the pre- 
university year. 

Mr. E. W. Greensmith, challenging the 
assumption that the graduate was to be trained 
only as an engineer, quoted the words of a 
leading American industrialist: ‘‘ The broad 
extension of the area of use of the engineer 
beyond the professional operations of develop- 
ment and design has been one of the most 
important elements in the rapid increase in 
the industrial power of the United States. I am 
confident that our technological progress would 
have been much slower and our country’s in- 
dustrial strength of a considerably lower order 
if our technical education system had not supplied 
the large body of adequately trained engineers 
for use in the management and technical opera- 
tion of an ever-increasing area. The top few 
levels of management of manufacture are largely 
filled by engineering graduates.” 
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Letter to the Editor 


A TUBULAR TRANSMISSION-LINE 
TOWER 


Successful Method of Hot-Dip 
Galvanising 

Sir. Your correspondent Mr. A. E. Percivall, 
in his letter on page 787 of your issue of Decem- 
ber 18, 1953, shows a lively interest in the article 
on our tubular transmission-line tower (page 678, 
November 27), and raises some pertinent ques- 
tions. The decision to test our tower in Italy 
was taken only after very full consideration of the 
testing facilities available in this country. The 
British testing equipment was quite unable to 
cater for the full height of tower which we con- 
sidered desirable and, even with a reduced 
height, results could not be produced in the 
limited time we had at our disposal. 

Facilities were not offered to expert personnel 
from the various British authorities since the test 
was viewed at this particular stage as being purely 
a private matter to supply us with sufficient tech- 
nical data to enable us to go forward with con- 
fidence to those authorities for a final proving 
test in this country. It can be taken for granted 
that in any future tests all interested parties, 
particularly from the British Electricity Author- 
ity, will be welcomed. 

Mr. Percivall, who obviously is an expert in 
transmission-line work, concedes in his letter 
that previous efforts to produce a high-voltage 
transmission-line tower of tubular construction 
have not been successful, and admits that the 
major problem has been hot-dip galvanising 
after fabrication. It is curious, therefore, to 
find him maintaining that “‘ the object was to 
galvanise the tubes both internally and externally 
and so guarantee complete protection.” 

Open-ended tube gives no weight advantage 
whatsoever to tubular construction, since this 
material is subject to corrosion from both sur- 
faces, and consequently comes under the mini- 
mum-thickness regulation normally laid down in 
tower specifications for the usual rolled sections. 
Sealing of all tubes is a fundamental principle in 
tubular construction because no internal corro- 
sion can occur in the absence of free oxygen; 
therefore the major problem in tower work is 
to devise a method whereby a sealed tube can be 
effectively hot-dip galvanised. We claim to have 
solved this problem by a method which over- 
comes the danger of explosion in the bath and 
consequent risk to operators. For obvious 
reasons, the parts of the tower tested in Italy were 
not hot-galvanised, but the hot-dip galvanising 
process has been thoroughly tried out on sealed 
tubular tower members. 

In regard to the test on the tower, only the 
actual working loads and 1-55 times the broken 
earth-wire loads were applied, as it was con- 
sidered that, since we were only checking our 
design basis, the results from these tests would 
provide us with sufficient information to enable 
us to assess accurately the other load applica- 
tions. As Mr. Percivall knows, the acme of 
tower design is the design of a structure which 
under any one of the five loading conditions he 
Mentions would fail at the prescribed loading 
factor. Therefore, to do a test properly, five 
towers would be necessary and it would be 
Interesting to learn if the tower now in use, to 
whic!: he refers, was tested in this way. 

We feel that the tests we have carried out to 
date iave proved that our design methods are 
soun”. and that we are now in a position to pro- 
ceed vith the design and testing of a tower unit 
to fu “il the requirements of the authorities. It 
IS apreciated that little commercial value can 
be a ached to a tower of this nature unless it 
can b> supplied and erected at a lower cost than 


its predecessors. The proof of the pudding is in 
the eating, and we are confident that with the 
inherent advantages of tubular construction, the 
methods of fabrication now at our disposal, the 
successful solution of the galvanising problem, 
and the technical knowledge we have gained 
from our investigation, we are now in a position 
to put forward an economic proposition. The 
fact that the export market has become one of 
intense competition should, we feel, only act as 
an incentive to British firms to take up the 
challenge with this new and formidable line of 
attack. 

Yours faithfully, 

TUBEWRIGHTS, LIMITED, 


E. McMinn, 
Chief Engineer. 

Egginton House, 

25, Buckingham-gate, 

London, S.W.1. 
December 18, 1953. 
xk *k * 

Obituary 


DR. ROBERT A. MILLIKAN 


Doyen of American Physicists 


Physicists throughout the world will learn with 
regret of the death, on Saturday, December 19, 
at Pasadena, California, of Dr. Robert A. 
Millikan, who has been described as “ the 
acknowledged doyen of American physicists.” 
He was for many years Director of the Norman 
Bridge Laboratory and chairman of the Executive 
Council of the California Institute of Technology, 
becoming vice-president of the Board of Trustees 
of that Institute on his retirement in 1945. 
Although he spent much of his life at Pasadena, 
it is probable that he will best be remembered 
for the work he carried out while Professor of 
Physics at the University of Chicago. This«work, 
for which he was awarded the Nobel Prize in 
Physics in 1923, was the determination of the 
charge on the electron, a quantity of fundamental 
importance in modern physics. It may be 
remembered that J. J. Thomson, at Cambridge, 


2 , e : 
had previously determined => the ratio of the 


charge to the mass of an electron, so. that 
Millikan’s work enabled both e and m to be 
correctly evaluated. His work on the deter- 
mination of Planck’s constant was also considered 
in making the award. 

Robert Andrews Millikan was 
Morrison, Illinois, in 1868. He had thus reached 
the ripe age of 85 years. His early education 
was obtained at Maquoketa High School in 
Iowa and then at Oberlin College in Ohio. 
He obtained his Ph.D. at Columbia University 
where he spent two years on research work and 
afterwards studied for a short time at the uni- 
versities of Berlin and Gottingen. On returning 
to the United States in 1896 he took a post as 
assistant in physics in the University of Chicago, 
where he afterwards held a professorship. It was 
there that he carried out his work on the electron. 

On leaving the University of Chicago in 1921, 
Dr. Millikan was invited to become Director of 
the Norman Bridge Laboratory of the California 
Institute of Technology at Pasadena. Towards 
the end of the Second World War, Dr. Millikan 
wrote his autobiography, which we reviewed, 
in the form of a leading article, on page 145 of 
our 173rd volume (1952). In this book,* which 
is of exceptional interest and importance, he 
dealt with his own scientific work and that of 
many other scientists with whom he came into 
contact. One of the chapters is devoted to his 
early work at the California Institute of Tech- 


* Published by Macdonald & Co. (Publishers), Ltd., 
London, 195t. 


born 4t 





nology and another to its projects for the future. 
He described the Institute “ as a university, in the 
sense that it is developing a graduate school in 
which profound scholarship and the highest order 
of creative work are found” and as a college 
*‘in the sense that it confers the bachelor’s 
degree and aims to cultivate intensively the 
humanities through devoting special attention to 
English, including literature, history and econo- 
mics.” He added that it was a technical school, 
in the sense that it attempted to give the men who 
passed through it such a cultural background and 
such a thorough training in the fundamentals 
upon which all engineering rests as would enable 
them ‘‘ to take a more outstanding place in the 
progress of industry and science than would 
normally be open to them.” We have quoted 
his descriptions of the Institute, of which he was 
for so long the Director, as they appear to us to 
throw a clear light on the character of the man. 

He was interested in several British scientific 
societies, notably the Royal Society, which 
awarded him the Hughes Medal, the Royal 
Institution of Great Britain, of which he was an 
Honorary Member, and the British Association 
for the Advancement of Science, to which he 
presented a paper at the Winnipeg meeting in 
1909. Dr. Millikan, of course, received honorary 
degrees from many American and European 
universities, as well as many awards from scien- 
tific societies in addition to those mentioned here. 
To list them would be merely tedious. His 
many publications, additional to his contributions 
to the proceedings of the learned societies, 
included works on physics, electrons and cosmic 
rays. Hisautobiography, we believe, was his latest 
work and perhaps his best. It certainly showed 
him to be a great man, as well as a great scientist. 
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We regret also to record the death of the 
following: Mr. S. H. HeEywoop, founder and 
chairman of S. H. Heywood & Co., Ltd., Red- 
dish, near Stockport, at the age of 85. Mr. 
J. HOGAN, until recently export sales adviser 
to British Insulated Callender’s Cables Ltd., 
on December 14. Mr. C. W. Jones, of the 
road contracts and quarries section of Thos. W. 
Ward Ltd., Sheffield, as the result of an accident, 
on December 15. Mr. J. W. Napier, M.B.E., 
engineering manager of the Alloa Corporation 
Gas Department from 1902 until 1942, in Edin- 
burgh, on December 16. Mr. F. H: B. Harris, 
formerly chief draughtsman of W. G. Bagnall 
Ltd., locomotive builders, Stafford, in Canter- 
bury, at the age of 82. Mr. E. Harrison, 
manager of the Cleveland by-products works of 
Dorman, Long & Co., Ltd., at the age of 62. 





THE GRADUATE IN MECHANICAL 
ENGINEERING 


ARRANGING PRACTICAL TRAINING IN INDUSTRY 


A 


HELPFUL and lively review of the various ways in which a young man who is to 
take a university course in mechanical engineering can gain practical experience 


in industry was provided by a group of four papers presented at a meeting of the 


Institution of Mechanical Engineers on December 11. 


If the papers, and the discussion 


at the meeting, showed that there is no one ideal method, they were at least evidence 
that engineers in industry and the universities are constantly striving for better ways 
of ensuring that young engineers are given the right kind of opportunities and that 
engineering firms recruit men of the right character, training and education. 
from the papers are given below. 


THE “1:3:1” COURSE 


Mr. KENNETH R. Evans, O.B.E., M.A., M.LE.E., 
A.M.I.Mech.E., who is manager of the educa- 
tion department of the Metropolitan-Vickers 
Electrical Company, Limited, remarks in his 
paper that a fortunate few [of the potential 
graduates] have been able to take a five-year 
course divided in the ratio 1 :3:1 in works, 
university, works, following a full secondary 
grammar or public school education. The first 
“* year” provides opportunity for a broad work- 
shop experience while the post-graduate “* year ” 
includes that part of an apprenticeship during 
which it is necessary to have had extensive 
theoretical training. 

An essential part of the practical engineering 
training of graduates [in former years] was 
the opportunity for intimate contact with the 
**men on the floor of the shop,” as well as with 
all grades of supervisor, technician, and tech- 
nologist. The extent to which this is now neces- 
sary in time is possibly less because of the social 
experience obtained during compulsory military 
service. It is appreciated that the industrial 
earnings a young man loses when he com- 
mences military service immediately on attaining 
the age of 18 are less than those he forfeits 
during the period of military service after the 
completion of his full training at university and 
during apprenticeship. This, however, is the 
only disadvantage of postponing military service. 
An important advantage of deferment is that 
the trained engineer will be able to ensure that 
he carries out his military service in an appro- 
priate section of the Royal Navy, Army, or 
Royal Air Force. 

At present, the majority of young men who 
leave school with the intention of following a 
university course proceed direct, but some 
universities require candidates for the engineering 
faculties to have completed military service with 
the intention that they shall go up to the univer- 
sity more mature and experienced. 

The opinions of young men who have followed 
the sequence of 1 : 3 : 1 years of workshop and 
university work have been, subsequent to their 
training, that, without exception, they were glad 
they had adopted this arrangement rather than 
direct entry to the university. 

The value of pre-university training, followed 
by one year of practical training, is that the firm 
recruiting well-equipped young men for this 
course must arrange a carefully planned training 
course of workshop experience for what is, in 
practice, a period of ten months, from the early 
part of September until the end of July. During 
this time they are required to pursue a course of 
studies ate local technical colleges in a revision 
and expansion of their knowledge of pure physics, 
chemistry and mathematics at ‘“‘ advanced” 
level. 

Vacation periods extend their experience to 


Extracts 


equip them for positions of technical and execu- 
tive responsibility in later years, whether these 
periods are spent with the parent company or, as 
is recommended, in obtaining experience in 
generating stations, foreign travel, etc. Such a 
five-year period after the young man has left 
school provides an opportunity for a full life in 
every respect. 

The post-graduate apprenticeship period of 
14 months, which completes the apprenticeship, 
provides for experience in test beds, and in 
drawing offices, design offices, works’ planning, 
commercial departments, and research sections, 
and is arranged with a bias towards the type of 
work in which the young man hopes to specialise 
On appointment to a junior staff position. 

Apprenticeship period requires relaxation, and 
many of the recommendations made provide for 
it by change of occupation—which makes for 
relaxation. Private reading of technical journals, 
papers, and literature, whether fiction, poetry, 
travel, or autobiography, should have a claim 
on some part of a young man’s time. 

What has been said about the training of those 
who enter industry after leaving school prior to 
joining the university, applies equally, in principle, 
to those who proceed direct to the universities 
or who commence their five-year training as 
mechanical engineers on the conclusion of 
military service, when this is commenced immedi- 
ately on attainment of the age of 18 years. It 
is not recommended, however, that those who 
elect to do military service at 18 years of age 
shall follow pre-university practical training ; 
rather, they should proceed direct to the univer- 
sity. They will have acquired a knowledge of a 
cross-section of their fellow-men, outside the 
sheltered conditions of school life, which it is 
desirable to acquire early and for which the 
pre-university course of training provides. Being 
older they should not further delay their entry 
into academic studies. 

It is the experience of many young men who 
have accepted an immediate staff position, with 
greater remuneration than that paid to post- 
graduate apprentices, that in two or more years 
they are handicapped. They must accept loss 
of earnings, but appreciate the need for a broad 
platform of knowledge and experience upon 
which to build the pyramid of their future career 
which tends, in the majority of cases, to be a 
“regular figure” in that its height is propor- 
tionate to its base line. 


THE ‘*‘ SANDWICH ” SYSTEM 

Mr. H. W. Futon, B.Sc., M.I.Mech.E., 
who is managing director of Albion Motors, 
Limited, points out in his paper that in Scotland 
the traditional form of engineering apprenticeship 
still persists almost universally. In parallel 
with this, engineering schools at Glasgow Univer- 
sity and elsewhere provide training to enable 
young men to graduate in mechanical engineering. 
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The system which has been operated for m ny 
years in the West of Scotland is that univer. ity 
courses are carried out during the winter six 
months; during the summer six months stud: ats 
work as apprentices in engineering works. ‘This 
system has the full approval both of the engin: er- 
ing employers and of the engineering scho 5ls, 
and has served so well that it would be hird 
indeed to get this so-called “‘ sandwich ”’ sys:em 
altered. 

The full-time student who enters an engineering 
works only at the conclusion of his degree course 
will find himself at a pronounced psychological 
disadvantage compared with those of the same 
age who have already acquired considerable 
shop experience. He will also have had to 
pursue his engineering studies to some degree 
“in a vacuum,” because he will not have had the 
opportunity of observing in operation the prac- 
tical application of what he has been studying. 

An argument may be put forward that the 
*“ sandwich” system permits little relaxation 
to the student, but it is not felt that this is valid, 
It is known that the best form of relaxation is 
alternative occupation, and a system whereby 
six months of what is essentially brain work 
alternates with six months of essentially physical 
work does provide a high degree of relaxation. 


POST-GRADUATE APPRENTICESHIP 

Mr. R. S. MEDLOCK, B.Sc., A.M.I.Mech.E., 
and Mr. D. P. Lant (chief research and develop- 
ment engineer, and chief project engineer, 
respectively, of George Kent, Limited) state in 
their paper that the increasing number of highly- 
qualified men required by industry has intensified 
the demand for recruits having a capacity for 
rapid learning and adaptation. Full-time uni- 
versity graduates have had opportunities to 
acquire these qualifications and come to industry 


well equipped with a scientific approach and 


background of theoretical skill which can be 
quickly moulded to suit the particular branch 
of engineering they enter. 

They are not faced with the larger task of 
learning the theory and acquiring the technique 
of practice at one and the same time. Thus, 
they have opportunities to develop more com- 
pletely. They may also have the social graces 
and self-confidence which make their path of 
progress easier. 

It is generally agreed that graduates are 
handicapped in later life if they fail to receive 
adequate general training in industrial engineer- 
ing before accepting a responsible post. A large 
proportion of engineering firms that recruit 
graduates thus provide an organised post- 
graduate apprenticeship of about two years’ 
duration. 

As with every apprenticeship or other training 
scheme, there are three vital stages: selection, 
training, and placing. Failure in any one 
must bring a failure to the scheme as a whole, 
and when one considers the expense involved 
in post-graduate training schemes, it is vital to 
the firm concerned that everything possible is 
done to ensure reasonable success in all three 
stages. 

A graduate apprentice’s practical training 
should be organised to provide a general back- 
ground, slightly biased with a view to the 
type of position he is ultimately expected to hold. 
Broadly speaking, graduates in industry tend to 
specialise as production engineers, sales engineers, 
or research engineers. Each training programme 
should be “ tailored” to meet the needs of the 
individual concerned. 

Since the training programmes are '«rgely 
carried out through the medium of v-rious 
departmental heads, it is most importext to 
secure their full co-operation. This w | be 
achieved only if the training policy is «learly 
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defiied and adequately backed by the board of 
dire :tors, and suitably executed by a co-operative, 
but ‘irm, training department, the head of which 
js rx cognised as an authoritative person. Early 
specialisation, apart from the slight bias of 
training along one of the three main branches 
of production, sales, or research, is definitely 
to be discouraged. 

Aili graduate apprentices should regularly 
complete a report on the type of work they have 
been doing; perhaps a weekly report. These 
repoits help the apprentice to crystallise the 
events of the week in his mind and also help the 
apprentice supervisor to ensure that the training 
maintains a reasonable balance of experience. 
There might, however, be a temptation to 
encourage the graduates to include remarks on 
points of possible improvement, and general 
criticism on the efficiency of the departments 
through which they pass. This would be most 
inadvisable, if the vital co-operation of heads of 
departments is to be improved and maintained. 

One of the aims of a graduate apprenticeship 
scheme is to develop the latent abilities of those 
who may eventually be capable of qualifying 
for managerial positions. Thus, particularly, 
those specialising on production, may be encour- 
aged to follow either the course in Industrial 
Administration and Workshop Organisation 
for Section C of the professional institutes’ 
examinations ; or to embark on the rather more 
ambitious three-year course, leading to the Inter- 
mediate Certificate in Management Studies, 
planned under the recommendations of the 
Urwick Report on Education for Management. 
Special ‘* graduate courses ”’ are held at Ashridge. 

It must be recognised that the first-class 
honours man with a good leadership capacity 
should be given the opportunity, if he proves 
himself, to rise to somewhere near the top very 
rapidly; even if this does occasionally mean 
upsetting, or even displacing, the long-established 
but less adequate man. 

The firm which really takes this matter seriously 
should have a committee set up at the highest 
executive level to analyse carefully the firm’s 
managerial, supervisory, and technical structure, 
to pin-point its weaknesses in quantity and 
quality, and to evaluate its effectiveness and 
outline its future. It should then make a clear 
statement of what call there is, or will be, for 
potential managers, supervisors, sales representa- 
tives, application and research engineers, first- 
grade service and contracts engineers, methods 
engineers, cost control personnel, and many 
others. 

Such a committee may also take the respon- 
sibility of “ placing ” graduates and outstanding 
Students at the end of their training, to ensure 
that they set their feet at the bottom of the right 
ladder. 


LIAISON BETWEEN UNIVERSITY 
AND INDUSTRY 

Proressor J. A. Pope, Ph.D., D.Sc., Wh.Sc., 
M.I.Mech.E., who is Professor of Engineering 
and Head of Civil and Mechanical Engineering 
Depariments, Nottingham University, states 
in his paper that an engineer is essentially con- 
cerned with service to the community. Before 
his ides can pass from the drawing board and 
develo", into reality, he must possess the ability 
0 infu.,2 in others his own vision and confidence, 
and h: ‘e adequate executive skill to co-ordinate 
the pr iuction of the commodity. The complete 
'rainir «for the professional engineer is a balanced 
— f scientific training and practical experi- 

ce, 

Ow g to the rapid advance of science during 
the fi: t half of the Twentieth Century, it has 

N : 2cessary to increase the scientific content 
of tt engineering course. This has been 


achieved by omitting workshop practice almost 
completely, while the time allotted to machine 
drawing has been reduced so that, although a 
graduate is able to read a drawing, the quality 
of his draughtsmanship is rarely satisfactory. 

The universities do not train engineers; they 
train students in engineering science and it is 
left to industry to complete the graduates’ train- 
ing. The larger engineering firms have been 
aware of this change and have developed graduate 
training schemes designed to meet this need. 
To-day the most common pattern for training 
the graduate engineer is : direct from school to 
university for a three-year course, followed by a 
two-year graduate apprenticeship with one of the 
larger engineering firms. This system has the 
advantage that it is simple and easy to administer. 
It might be well, however, to ask two questions: 
(1) could better results be obtained by having 
the two sections of an engineer’s training some- 
what co-ordinated instead of being so completely 
disconnected ? (2) Are the best results obtained 
in the majority of instances by allowing the under- 
graduates to come direct to the university from 
school and receive the whole of his practical 
training after graduation ? 

In the author’s opinion, the answer to the 
first question is in the affirmative and the second 
in the negative. The following slightly modified 
pattern of training is worthy of serious considera- 
tion. (1) An applicant having obtained the 
appropriate requirements for admission to a 
university is jointly selected by the university 
and the firm with which he will receive his prac- 
tical training. (2) The successful trainee then 
joins the firm for twelve months as a normal 
apprentice, receives the works aspect of the 
practical training, and is released for one day 
per week for further education at a convenient 
technical college. He receives a guarantee, 
prior to entering the firm, of admission to the 
university at the end of this year subject to his 
progress having been satisfactory. (3) After 
successfully completing his degree course the 
graduate would return to the firm for a further 
year to complete his practical training, this time 
to gain experience in the technical and executive 
aspects of the profession. 

Under present conditions, when over the past 
few years the output of engineers by the university 
has been doubled, a greater proportion of 
graduates is being employed on production. 
Industry itself, however, has its own trainees, 
who, entering at about sixteen years of age, have 
endeavoured to better themselves by part-time 
release and evening study. These young men 
may quite naturally feel some resentment at the 
injection of the degree men into posts which 
form the objects of their ambitions. Further- 
more, it is not easy for the new graduate and the 
craftsman to work side by side, and even though 
it may be good for the graduate to overcome a 
certain amount of resistance, is it in the interest of 
industrial relations ? If, however, a boy enters 
the works direct from school, he will be much 
more acceptable to the men. Should he even- 
tually proceed to a university and, after com- 
pleting his course, return to the firm, he will 
be much more readily absorbed on production, 
as he will be regarded as “‘ the boy who got on 
from the bench.” 

The best intellects of the nation must be given 
time to think during their adolescence. For 
this reason it is doubtful whether it is wise for 
graduates to have industrial employment in 
every long vacation. One, at least, should 
be spent abroad to widen their interests and 
outlook. This is perhaps more important to-day 
than ever before, because a larger proportion 
of the graduates is coming from homes where 
facilities for travel and a general appreciation of 
scholarship are not possible. 


PERSONAL 


LorD BENNETT OF EDGBASTON, C.B.E., having 
completed a year in office as chairman of the British 
Productivity Council, 21, Tothill-street, London, 
S.W.1, has been succeeded by Mr. Tom WILLIAMSON, 
C.B.E. Lord Bennett, however, will remain a 
member of the Council. Sim LINcoLN EVANS, 
C.B.E., who earlier this year was appointed vice- 
chairman of the Iron and Steel Board, has been 
succeeded as deputy chairman by Sir Ewart SMITH. 

The Minister of Supply has appointed, as Controller 
of Atomic Weapons, Lieut.-General Sir FREDERICK 
MorGan, K.C.B., who has been Controlller of 
Atomic Energy in the Ministry since 1951. 

Mr. G. H. LATHAM, chairman and managing 
director of the Whitehead Iron and Steel Co. Ltd., 
has been appointed President of the British Iron and 
Steel Federation, Steel House, Tothill-street, London, 
S.W.1, in succession to Sir ELLis HUNTER, who has 
been President since 1945. Mr. A. G. STEWART has 
been appointed president elect of the Federation. 


Mr. FRANK THOMPSON-SCHWAB, chairman, SIR 
ALEXANDER DUNBAR, deputy chairman, and MR. 
HUGH QUENNELL, a director, of Darwins Ltd., 
are joining the board of the Sheffield Forge and 
Rolling Mills Co. Ltd., the entire share capital of 
which has been acquired by Darwins Ltd. Mr. 
Frank Thompson-Schwab has been made chairman. 


As from to-day, January 1, Mr. E. O. MEAsor, 
A.C.G.1., B.Sc., M.I.C.E., and Mr. H. GRACE, 
M.Sc., M.I.C.E., partners in the firm of Scott and 
Wilson, have joined, as partners, Mr. R. W. HAWKEY, 
M.A., M.I.C.E., M.I.W.E., the sole partner of the 
firm of Sir Cyril Kirkpatrick and Partners. Hence- 
forth, the practices will be continued under the title 
of Scott AND WILSON, KIRKPATRICK & PARTNERS. 
Also on January 1, Mr. F. M. Bowen, M.LC.E., 
A.M.LStruct.E., is being taken into partnership. 
From Monday, February 15, the address of the firm 
will be 47, Victoria-street, London, S.W.1. 

Mr. C. E. Kina has relinquished his position as a 
director and director of engineering of Vauxhall 
Motors Ltd., Luton, Bedfordshire, owing to uncertain 
health, but has agreed to remain available as an 
engineering consultant. 

Masor-GENERAL C. A. L. DUNPHIE, C.B., C.B.E., 
D.S.O., of Vickers-Armstrongs Ltd., Mr. J. W. PLATT, 
of the Anglo-Saxon Petroleum Co. Ltd., and MR. 
W. F. WACKRILL, O.B.E., of the Esso Transportation 
Co. Ltd., have been elected members of the General 
Committee of Lloyd’s Register of Shipping, 71, 
Fenchurch-street, London, E.C.3. 

CotoneL A. C. R. Ware is relinquishing the 
deputy chairmanship of the Austin Motor Export 
Corporation, and has reassumed the post of London 
director of the Austin Motor Co. Ltd., 479, Oxford- 
street, London, W.1. 


Mr. W. E. P. Jounson, A.F.C., A.F.R.AeS., 
C.P.A., is relinquishing the joint managing director- 
ship of Power Jets (Research and Development) 
Ltd., but will continue with the company as an 
adviser. Mr. T. G. Hicks, M.A., C.P.A., joint 
managing director of the company since May 1, 
1953, becomes managing director with effect from 
to-day, January 1, 1954. 


Mr. J. B. Bryce, hitherto Liverpool marine 
branch manager, Vacuum Oil Co. Ltd., is succeeding 
Mr. G. M. McGavin as chief marine engineer in 
London. Mr. McGavin is taking up special duties. 
The new Liverpool marine branch manager is MR. 

; KEYWORTH. 

Mr. E. S. WappincTon, F.S.E., M.Inst.W., 
A.LE.E., has been appointed honorary treasurer of 
the Society of Engineers. 

Mr. Puitip Jones has been appointed to the new 
position of Press and Publicity Officer of the Exports 
Credits Guarantee Department, his address being 
9, Clements-lane, London, E.C.4. (Telephone Number 
Mansion House 8771.) 


BUSINESS CHANGES 


Following the acquisition by Hattersley (Ormskirk) 
Ltd., Ormskirk, Lancashire, of 75 per cent. of the 
share capital of Beck & Co. (Meters) Ltd., in issue, 
Mr. H. C. NICHOLSON, J.P., F.C.A., deputy chairman, 
and Mr. W. J. Lee, A.C.A., assistant managing direc- 
tor, of Messrs. Hattersley, have been elected to the 
board of Messrs. Beck, while CoLonet C. A. HUNT, 
M.C., T.D., and Mr. T. P. A. GALLOway, joint 
managing directors of Messrs. Beck, have been 
elected to the board of Messrs. Hattersley. 

Dawe INSTRUMENTS LtpD., 130, Uxbridge-road, 
Hanwell, London, W.7, are shortly to move into 
more extensive premises at 99, Uxbridge-road, 
Ealing, London, W.5. 


| 
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RAILWAY ACCIDENTS 
IN 1952 


The report of the Chief Inspecting Officer of 
Railways (Lieut.-Colonel G. R. S. Wilson) to 
the Minister of Transport and Civil Aviation, 
upon the accidents which occurred on the rail- 
ways of Great Britain during 1952, discloses 
that 111 passengers were killed in train accidents. 
This was over three times the average figure for 
the 1946-50 period and is to be explained by 
the double collision at Harrow, in which 112 
persons (including four railway servants) lost 
their lives. Had it not been for this, only one 
passenger would have been killed in a train 
accident. In addition, 52 passengers were killed 
in other accidents. The fatal casualties among 
railway servants amounted to 200, only nine of 
which were caused by train accidents, while 
13 “‘ other persons,” excluding trespassers and 
suicides, suffered in the same way and 39 in 
other accidents. None of these figures differed 
greatly from the average of the 1946-50 period. 
The Harrow disaster was also responsible for a 
large increase in the number of passengers 
injured in train accidents, although the figures 
under the other headings were about the average. 
There was some decrease from the average in 
the non-fatal accidents to railway servants and 
a slight increase in those to “‘ other persons ” 
under this heading. The total of 386 fatalities 
in ‘‘ all movements by rail” was equivalent to 
0-9 per million train miles. 


PROGRESS IN OPERATING 
EFFICIENCY 


Generally speaking, Colonel Wilson reports, 
the year was one of steady progress in operating 
efficiency and modernisation of equipment. 
The supply of steel and other basic materials 
became easier towards its close and there was 
again a slight improvement in the strength of 
the track maintenance staff. Arrears in the 
renewal of locomotives, and particularly of rolling 
stock, had still to be overtaken, but the position 
gave no ground for anxiety. Progress in the 
restoration of the track to its pre-war standard 
was continued; with the result that it was 
possible to accelerate some express passenger 
trains and to reduce the number of speed restric- 
tions. 

As regards the causes of accidents, few of 
those of any consequence could be attributed 
directly or indirectly to inadequate or worn-out 
equipment, their predominating cause being 
the failure of individual members of the staff 
to measure up to their responsibilities in the 
course of operation or routine maintenance or 
even to concentrate their attention on simple 
duties. This does not suggest, it is emphasised, 
that there is any general recession from the 
strong sense of duty which is characteristic of 
British railway men, but there are some men, 
perhaps more than formerly in certain localities, 
who do not appear to have absorbed the tradi- 
tions of railway service. This is attributed partly 
to the difficulty of finding men of suitable charac- 
ter and qualifications for responsible posts in 
competition with other forms of employment; 
and partly to factors which affect the morale 
and self-discipline which are so important to 
railway safety and which depend on training, 
supervision of the right kind and leadership. 

Nevertheless, with the best will in the world 
the human element will always be fallible, as 
is shown by the fact that 565 accidents, or 45-5 
per cent. of the total, were due to this cause. 
Automatic train control of the warning type 
would probably have prevented the Harrow 
accident and the British Transport Commission 
have therefore decided to extend it progressively 
to all the more important routes in the country. 
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ENGINEERING CENTENARIES IN 1954 


PARSONS, OHM 


In a review of the centenaries that occur in 
1954 which are of interest to engineers, that of 
the birth of Sir Charles Parsons naturally comes 
first. He was born on June 13, 1854, at 13 
Connaught-place, Hyde Park. <‘ At his birth,” 
wrote his biographer, Rollo Appleyard, ‘“‘ the 
fates bestowed upon him wealth, health, and 
the most refined and abundant means of acquiring 
wisdom. He responded by devoting these gifts 
to the welfare of mankind.” 

He died on February 11, 1931, on the S.S. 
Duchess of Richmond in Kingston Harbour, 
Jamaica, and was buried at Kirkwhelpington, 
Northumberland, where there is a memorial to 
him of marble from his Irish home and stone from 
his Ray estate, nearby. No less gifted were his 
contemporaries, Henry Selby Hele-Shaw (1854- 
1941) and Sir Richard Tetley Glazebrook 
(1854-1935), the latter of whom was the Director, 
from 1899 to 1919, of the newly-founded National 
Physical Laboratory and from 1920 to 1923 
Zaharoff Professor of Aviation and Director of 
the Aeronautics Department of the Imperial 
College. Parsons and Glazebrook were Cam- 
bridge men and Wranglers, but Hele-Shaw 
began as an engineering apprentice at Bristol 
and fought his way upwards by the aid of 
Whitworth Scholarships, becoming the first 
professor of engineering in University College, 
Bristol. From there he went to Liverpool and 
then to the Transvaal. At Liverpool he made his 
experiments on the streamline flow of liquids. 
His later years were devoted to the development 
of his many inventions, lecturing at institutions, 
and to his work as president of various 
societies. 

In marked contrast to the early environment of 
these three eminent men was that of the German- 
American watchmaker Ottmar Méergenthaler 
(1854-99) and the American bank clerk, George 
Eastman (1854-1932), the former of whom, after 
long years of labour, brought to perfection the 
linotype machine. The latter, in 1884, patented 
the first commercially successful rollable photo- 
graphic film and in 1888 produced the original 
Kodak camera. Both became wealthy men, 
and Eastman, it is said, gave more than 75,000,000 
dols. to various philanthropic objects. Mergen- 
thaler only lived to the age of 44, but Eastman 
was in his 78th year when he died, by his own 
hand. 

In the list of men who died a century ago are 
the names of Lloyd, Manby, Ohm and Melloni. 
John Augustus Lloyd (1800-54) in his “twenties 


AND MURDOCK 


served in South America under Simon Bolivar, 
who sent him to survey the Isthmus of Panaina, 
a work which led to Lloyd’s paper of 1849 to the 
Institution of Civil Engineers entitled “‘ Facilities 
for a Ship Canal between the Atlantic cnd 
Pacific.”” Severely wounded, he was back in 
England in 1830 and in the next year became 
Colonial Civil Engineer to Mauritius, where he 
spent 18 years. In 1854 he was sent on a mission 
to the Crimea and died there of cholera. Captain 
George William Manby (1765-1854), like Lloyd, 
was connected with Norfolk. As a youth, he 
fired a line over a Norfolk church tower by 
means of a mortar. Trained at the Royal 
Military Academy, Woolwich, he was serving in 
1803 as barrack master at Yarmouth where, 
five years later, he used the same method of line- 
throwing to save the crew of a wrecked ship. 
His ideas were adopted by the Government, from 
whom he received in all £7,000. 

Every engineer, if he cannot now recall it pre- 
cisely, has heared of Ohm’s Law, first enunciated 
in a pamphlet in 1827 by the German physicist 
Georg Simon Ohm (1787-1854) when he held a 
chair at Cologne. His views failed to gain much 
recognition until the Royal Society, in 1841, 
awarded him the famous Copley Medal. At 
the time of his death he was professor of experi- 
mental physics at Munich. His Italian con- 
temporary, Macedonio Melloni (1798-1854), 
after being a professor at Parma, was for some 
years a refugee in France, but in 1839 returned 
to Naples and long directed the observatory on 
Vesuvius. It was his pioneering investigations 
on radiant heat which brought him fame and for 
this work the Royal Society awarded him the 
Rumford Medal. With his countryman Leo- 
poldo Nobili (1784-1835) Melloni perfected the 
thermo multiplier or thermopile. 

The name of William Murdock (1754-1839) 
conjures up the great days of the famous Bir- 
mingham works of Boulton and Watt, which he 
entered in 1777. The finest erector of engines in 
his day, he made a model steam-driven vehicle, 
was the chief pioneer of gas lighting and also of 
the use of compressed air for driving machinery. 
The D slide valve was another of his improve- 
ments. The cottage in which he was born at 
Lugar, Ayrshire, the house he occupied at 
Redruth, Cornwall, and the Wallace Memorial 
at Stirling all bear memorials to him, the last of 
which was unveiled by Lord Kelvin in 1892. 
Murdock, like Boulton and Watt, is buried 
in Handsworth Church, Birmingham. 


A NEW I.MECH.E. PUBLICATION 
“THE CHARTERED MECHANICAL ENGINEER ” 


The Institution of Mechanical Engineers have 
decided to start a new publication, The Chartered 
Mechanical Engineer, which will supersede the 
existing Journal of the Institution The main 
function of the Journal was to acquaint members 
with the various activities of the Institution, 
but the new publication will, in addition, con- 
tain a high proportion of technical information 
such as lectures and addresses. 

The change in publications policy has enabled 
the Council to review the presentation and 
styling of the Institution’s printed material, 
and the first results can be seen in The Chartered 
Mechanical Engineer. The papers and other 
material are now more readable. It will be 
published monthly except in July and August. 


Arrangements for publishing the Proceedings 
of the Institution are also to be altered. Publi- 
cation of the existing Proceedings (A) and (B) 
and Automobile Division Proceedings will ceas, 
as such, in due course, but each paper will appeat 
in full with its discussion as a separate issue of 
Proceedings (to be supplied to members on de 
mand), thus materially speeding up final publi 
cation. The Council have also decided to publish 
and to issue to all members (numbering about 
40,000) summaries of papers accepted for publi 
cation. These summaries will appear in 
Chartered Mechanical Engineer some four 
eight weeks in advance of meetings at which the 
full papers will be presented. They will run t 
a length of about 1,000 words. 
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MATERIALS, METALLURGY AND 
MACHINING 


A LEAD FROM AIRCRAFT ENGINEERS 


Aircraft designers and production engineers 
met at Southampton University on Friday, 
December 18, and Saturday, December 19, to 
discuss problems of aircraft and equipment 
production. At the opening luncheon they were 
welcomed by the Mayor of Southampton, Alder- 
man Mrs. V. F. King, J.P., and by Lord Hawke, 
representing the Minister of Civil Aviation. The 
conference was divided into four sessions, 
concerned with design trends, production prob- 
lems arising from them, problems of the user, 
and a summing-up of the whole proceedings. 

The conference was organised by the southern 
section of the Institution of Production Engi- 
neers. 


THE TREND OF DESIGN 


In the opening paper on “ The Trend of 
Design,” Mr. David Keith-Lucas discussed the 
effects of designing for high speed on! the air- 
craft configuration, internal equipment, struc- 
tural design, and materials of construction. 

He showed slides representing possible layouts 
for an aircraft designed to fly at twice the speed of 
sound ; one had a thin straight wing, with a 
thickness/chord ratio of 3 to 4 per cent. Sucha 
wing was useless for storage, and the engines 
were therefore shown at the wing tips. The 
undercarriage would have to retract into the 
fuselage. Alternatively, a delta layout with a 
sweepback of about 80 deg. could be adopted ; 
it appeared to be simpler structurally, and better 
adapted for stowing fuel and the undercarriage. 
Again, wing-tip engines were suggested, since if 
they were enclosed in the wing roots the duct 
losses would be unacceptable. Little, however, 
was known about the control characteristics of 
such a wing, and for long range it appeared to 
be less efficient. Stowage capacity within the 
aircraft was likely to decrease with the desire for 
minimum frontal area, whereas engine power and 
fuel capacity must increase to provide the higher 
speed. Equipment, moreover, was becoming 
more complex and extensive. Some rationalisa- 
tion and simplification would soon become 
essential. 

In structural design, the trend was towards 
fewer parts with fewer joints. ‘“‘ Integral con- 
struction ’—in which the skin and _ stringers 
were machined from a single slab—resulted in 
a saving in weight and cost, and a superior 
surface finish compared with a riveted con- 
struction. In high-grade materials, problems of 
cracking and distortion might arise. The logical 
development of integral construction for wings 
was to eliminate ribs and use multiple spanwise 
webs. This would pose a production problem 
since accessibility for assembly would be limited. 

The use of Redux bonding in place of riveted 
Construction resulted in better fatigue properties, 
greater compressive strength, and a better surface 
finish. It also facilitated the use of more efficient 
Closed-section stringers, in place of Z-sections. 
The a.uminium honeycomb, used either as a 
doubl: skin “‘ sandwich ” or as a complete filler 
betwec. the outer skins, showed promise for 
structues in which the end loads were of fairly 
low ir’ 2nsity. 

The increase in strength of aluminium alloys 
Was 2 proaching the limit of usefulness, since 
much f the aircraft structure was now designed 
for Sti ‘ness rather than strength. High-strength 
alumi: um alloys, moreover, had poor cross- 
8rain -roperties and their doubtful notch-fatigue 


resistance demanded meticulous surface finish 
and no scratches. In addition, their fatigue 
resistance did not increase proportionally with 
their ultimate strength. In steels, the ratio of 
fatigue to ultimate strength was more nearly 
constant, and high-tensile steels with ultimate 
strengths of 280,000 Ib. per square inch were 
under consideration in the United States. 
Titanium was a good structural material and 
retained its strength at high temperatures. At 
present, its properties were not yet sufficiently 
consistent, and it was difficult to work. Resin- 
bonded glass laminates had excellent tensile 
properties but were not good in shear and com- 
pression ; they could, however, be moulded, 
and, properly understood, the strength of the 
moulding could be disposed as the designer 
wished, resulting, in some cases, in lighter 
structures. 


PRODUCTION PROBLEMS 


At the evening session, which was concerned 
with ‘‘ Production Problems Arising from the 
Trend of Design,” the chair was taken by Mr. W. 
Browning. The first paper, by Mr. G. H. 
Dowty, who was ill, was read by Sir Roy Fedden. 
He discussed the production problems of an 
equipment manufacturer, which, he said, fell 
into two categories, associated with equipment 
designed for a particular aircraft, subject to 
many modifications, and with standardised 
equipment of stabilised design such as pumps, 
control valves, and instruments. As an example 
of the first category, thin wings had increased 
the difficulty of stowing the retracted under- 
carriage; jet engines had led to shorter under- 
carriages, and at the same time higher landing 
speeds called for greater shock absorption. 
With the more complex designs resulting from 
these considerations the need for weight control 
and dimensional accuracy had led to the practice 
of machining fittings all over and to the use of 
stronger materials such as 100-ton steels. In 
general, where production fittings were made 
from forgings, it was necessary to machine away 
some 60 per cent. of the billet, whereas if castings 
were used, only about 9 per cent. of the material 
had to be removed. Castings, however, being of 
lower strength, involved a weight penalty in 
many applications. 

Among the improved machining techniques 
adopted recently by Dowty Equipment, Limited, 
were high-speed fast-feed milling using a tungsten- 
carbide blade cutter ; accurate rough machining 
before final heat-treatment to reduce final 
machining; frequent magnetic crack-detection 
checks between operations to avoid wasting 
labour; modern boring methods for simplifying 
the problems of drilling deep holes; rough and 
finish grinding and honing, to ensure high 
surfaces finishes, of the order of 1 to 2 micro- 
inches, and extreme accuracy of size; the use 
of Hydrotel copying machines for intricate 
machining ; multiple milling cutters to ensure 
accuracy of related dimensions; and improved 
jigging and tooling for obtaining hole-centre 
tolerances of the order of 0:0002 in. Mr. Dowty 
also cited the substitution of light alloy for steel 
in many components, made possible by the 
development of the hard-anodising process for 
providing wear-resistant sliding surfaces on light 
alloys (this process is described briefly in an 
article on page 18.—Ep.). 

Considering standardised equipment, higher 
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performances had been obtained by increasing 
the operating pressures of hydraulic pumps and 
by speeding-up fuel pumps. The higher effi- 
ciencies obtained had called for the installation 
of high-precision machine tools, measuring and 
testing plant. The use of water-based fluids 
and of non-lubricating fuels had required inten- 
sive research on bearing surfaces, and good 
results had been obtained with surfaces impreg- 
nated with molybdenum sulphide. Sulphur- 
impregnated surfaces were now under develop- 
ment. To obtain satisfactory results from high- 
performance pumps and valves, a high standard 
of surface finish and of accuracy of form and 
dimension was required, with tolerances of the 
order of 0-0001 in. to 0:0002 in. Techniques 
had been developed to enable these standards to 
be maintained in production by semi-skilled 
labour. 

The second paper on production problems, 
given by Mr. S. P. Woodley, dealt with the air- 
frame. The trend in design was leading to a 
change-over from built-up sheet-metal construc- 
tion to machined integrally-stiffened light-alloy 
skins, resulting in a stronger and lighter structure, 
with a considerable reduction in the number of 
parts and a consequent overall reduction in 
production time and tooling (although the 
machining costs were higher), but demanding a 
much greater capital cost than hitherto. In 
view of a possible switch-over to steel and 
titanium structures as aircraft speeds rose still 
higher, the production engineer had a serious 
problem in deciding how far this capital outlay 
was justified. Mr. Woodley suggested that the 
solution lay largely in the development and 
adaptation of existing machines. 


FORGING AND’ MILLING 


At present, large one-piece components were 
cut from solid billets. A great economy in 
time and material would be possible if large 
forging presses, of at least 35,000 lb. capacity, 
were available ; and as a result of the better 
grain flow of the forging, the members thus 
produced would be more efficient. Such presses 
were costly—about £2} million—and, to be 
economical, would require to be used with 
progressive dies to produce “ close-to-limit ” 
forgings in order to save machining time. 

Copy-machining, now used increasingly, could 
not at present be used for forming large com- 
ponents from forgings—such as fuselage frames 
and wing ribs—where three-dimensional machine 
control was required combined with axial control 
of the cutter head in two vertical planes. Such 
a machine was, however, under construction in 
the United States, using electronic tracers in 
conjunction with a steel template. Later, it was 
intended to control the machine by a computing 
mechanism fed with numerical information. 

For skin milling, which required a different 
type of machine to produce the desired stiffeners, 
rebates, and relief pockets, routing machines, 
operating in conjunction with a roller conveyor 
platform, were being developed, in which the 
cutter heads were mounted on radial arms and 
the skin area being cut was held on a vacuum 
table. Templates were employed to guide the 
cutter heads. Such machines were compara- 
tively inexpensive in relation to a skin-milling 
machine. For forming the wing-surface con- 
tours, several copying machines were now under 
development. The lecturer suggested that com- 
putor control, or control by an “ electronic eye ” 
direct from a drawing, would ultimately be used 
in place of a master form and tracers. 

With the adoption of tough 100-ton steels, 
problems of cutting time and cutter life had 
arisen. The use of high-pressure oil jets or of 
carbon dioxide as a cutter coolant might increase 
the life and improve the surface finish obtained. 








A fine surface finish was essential to avoid stress 
concentrations. Another possible development 
was the commercial application of the Sparkatron 
process of electrolytic machining, which had 
been developed on a small scale and by which the 
hardest materials could be machined. With the 
use of high-tensile steels, higher-powered rolls 
than those at present available in the aircraft 
industry (which were suitable for light-alloy 
sheets with a maximum thickness of 6 s.w.g.) 
would be required. 

Although, in the United Kingdom, titanium 
was available on only a small scale, and its 
alloys were unobtainable, immediate research 
was necessary on its fabrication by machining, 
forming, forging, welding, etc., both experi- 
mentally and in production. Otherwise, when 
the material became more readily available, the 
industry would not be able to utilise it fully. 
With the machining of large billets and forgings 
of high-strength alloys, heat-treatment problems 
had become more severe, and techniques must be 
evolved to enable heating and quenching to be 
carried out without distortion ; e.g., by treating 
the component completely enclosed in a die. 


SURFACE FINISH 


In order to produce the high surface finish 
necessary on notch-sensitive light alloys, labor- 
ious polishing techniques had been replaced by 
“ barrelling ”’ or by the vapour-blast process. 
In the former process, which produced a surface 
finish better than 14 micro-inches, the com- 
components were rotated for several hours in a 
large rubber-lined cast-iron or welded drum 
containing limestone chippings, water, and a 
foaming agent. Large components were jigged 
during the process so that they could not mark 
each other. The process was entirely mechanical 
and required no operator. Neither of these 
processes was satisfactory for high-tensile steel, 
but possibly electrolytic polishing might provide 
the solution. 

Among the points raised in the discussion 
which followed the first two sessions was the 
suggestion that electrical wiring might be simpli- 
fied by introducing printed circuits, and that 
production could be facilitated if materials 
manufacturers could supply taper-rolled sheets 
and stringers, as had been employed in the 
Dassault Mystére aircraft in France. The wider 
applications of magnesium-zirconium alloys for 
secondary structures, suggested by one speaker, 
had been limited by the fact that most British 
aircraft firms were not equipped for hot-forming. 
The elimination of joints, it was suggested, would 
add considerably to installation difficulties and 
to the cost of spares and maintenance. Moreover, 
in considering the cost of integral construction, 
the man-hours absorbed in building costly 
presses and machine tools should be included. 

For speeds of the order of Mach 3, the kinetic 
temperature rise would be such that alloy steels 
were the only possible solution. Experiments 
on the use of high-pressure cutting oils at the 
College of Aeronautics, when cutting steel to 
S.11 specification, had shown cutting-life in- 
creases ranging from 25 per cent. to 100 per cent. 
It appeared, however, to be generally agreed that 
the aircraft industry in the United Kingdom was 
not devoting enough effort to developing new 
production techniques and to training production 
engineers. 

USER PROBLEMS 

At the third session, on Saturday, on “‘ User 
Problems Affecting the Industry,” Mr. B. S. 
Shenstone gave the views of a commercial 
operator and Air Marshal Sir R. Owen Jones 
spoke for the services. Although the operating 
and servicing conditions of a commercial air 
line differ greatly from those of the Royal Air 
Force, it was noteworthy that both the speakers 


had certain points in common, probably the most 
vital of which was the question of deliveries on 
time. 

The aircraft operator, Mr. Shenstone said, 
had to work to a schedule, and if that schedule 
were based on the expectation of promised 
deliveries of new aircraft which did not arrive 
on time, the results could be disastrous. This 
applied also to the delivery of spares, to the 
turn-round of aircraft from modification, and 
to the overhaul of equipment sent to the manu- 
facturer. On the same subject, the Air Marshal 
said that re-equipment plans of the Royal 
Air Force were bound up closely with pro- 
duction, so that the provision of man-power, 
airfields, equipment and accommodation was 
geared to the forecast programme. If produc- 
tion was late, specially-trained personnel might 
have to remain idle or be dispersed, pilots might 
suffer a loss of morale and enthusiasm, and 
provision of spares for obsolescent aircraft 
could not always be arranged at short notice. 
The initial provision of the requisite maintenance 
spares was of great importance to the Royal Air 
Force, as were also test equipment and ground- 
handling gear. The increased thickness of skin 
plating and the new construction techniques, 
essential for high-speed aircraft, were difficult to 
repair ; the only solution was to carry more 
spares and facilities for rapid replacement. 


**ORDERING FROM THE 
DRAWING BOARD ” 


Discussing modifications, the Air Marshal 
said that the recent practice of “ ordering from 
the drawing board” had led to many more 
modifications, the need for which was not 
apparent until production and flying started. To 
accelerate development, the Royal Air Force 
now carried out intensive flying trials on the 
first deliveries, accumulating 1,000 hours’ flying 
on eight aircraft in the shortest possible time, 
but much of the value was lost if the early 
deliveries were not complete aircraft. A new 
single-seat machine coming into service could 
have as much as 800 man-hours of modification 
work outstanding on delivery, all of which had 
to be done under the servicing conditions of the 
Royal Air Force. Such an initial tendency 
could easily develop into a permanent back log. 
Anticipating questions as to the necessity of 
modifications, the Air Marshal pointed out that 
they were the physical manifestation of new 
ideas and potentialities. 

Both speakers said that the interchangeability 
of components was still not always satisfactory. 
This problem was of particular importance in 
commercial avaiation, on account of the long 
lives demanded of civil aircraft. Mr. Shenstone 
suggested a figure of 30,000 hours, which meant 
that components had to be removed and replaced 
hundreds of times. He suggested that inter- 
changeability should be considered in designing 
the jigging, and that the manufacturers and 
air-line engineers should jointly tackle the 
problem. 

In discussing the long life, free from dangerous 
fatigue, required for commercial aircraft, Mr. 
Shenstone said that he did not expect the manu- 
facturer to produce an aircraft completely free 
from fatigue troubles, but the main structural 
parts must be designed so that, when fatigue 
started, it could be detected by normal inspection 
methods, without catastrophe and _ without 
fantastic cost. He thought that the production 
department, who knew far more than the designer 
about the physical attributes of the parts manu- 
factured, could help in assessing the durability 
of unstressable detailed parts, which was too 
often discovered by the travelling public. 

Consistency of performance of equipment was 
another quality which Mr. Shenstone found 
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unsatisfactory, e.g., many components bro e 
down before they attained their specified | ‘e 
between overhauls; and, on more than one ar- 
craft, ailerons which were supposed to 1 
identical were found to give different handli ig 
characteristics. 


STANDARD OF FINISH 


The standard of workmanship in British 
commercial aircraft, Mr. Shenstone considered, 
was not up to that of American aircraft. {n 
particular, electrical wiring was poor, and he 
cited a recent case of an operator who bought 
new British transport aircraft and had to renew 
all the wiring before putting them into service. 
Mr. Shenstone also complained that the finish of 
British aircraft was unsatisfactory, and that the 
continued use of non-flush riveting, which 
rendered cleaning more difficult, made a bad 
impression on intending buyers. Sir Owen 
Jones also complained of poor quality riveting, 
and suggested that new riveting techniques were 
necessary to eliminate the number of loose and 
broken rivets that were now frequently found. 
He felt that current blind riveting methods were 
not effective for present-day loadings. 

In the discussion following the two papers on 
users’ problems, it was suggested that the 
conference had by-passed the principal problem 
—that of producing the right aircraft at the time 
it was needed. Twelve aircraft-years elapsed 
between the initiation of design and the time 
when a military aircraft would be released for 
service. It should be possible to shorten this 
period by starting production before it was fully 
proved. For commercial use, however, Mr. 
Shenstone could not accept an aircraft that had 
not been fully developed. It was suggested that 
the lower delay between design and production in 
the United States resulted from the fact that the 
U.S.A. could afford a larger ‘* wastage” rate 
than in the United Kingdom, and could “ flood ” 
the project design office with manpower. 
Although this would be impracticable and waste- 
ful in the United Kingdom, it was possible that 
delay resulted from an over-cautious attitude in 
deciding what was feasible. 

In conclusion, Sir Frederick Handley Page, 
summing up the discussions, said that it was 
not true that the delay between initiating a design 
and the delivery of the first production machine 
was greater in the United Kingdom than in 
certain other countries ; a recent survey had 
shown very little difference. It was inevitable 
that, in an industry dealing with a rapidly 
changing technique and increasingly severe 
requirements, the necessity for modifications 
must arise. To avoid delays in production, the 
prime necessity was for the orders to be placed 
as soon as possible. The aircraft and its equip- 
ment must be integrated from the start of the 
design, and the production and service engineers 
should be consulted from the beginning. 

When considering new forms of construction 
and the equipment necessary for them, con- 
sideration must be given to the need for rapid 
expansion in time of war. If production depen- 
ded largely on the possession of capital equipment 
and expensive tooling, expansion would be 
delayed. There was also a limit to the applica- 
tion of highly skilled processes to production, 
since the capabilities of the human material 
available were limited. Referring to the problem 
of getting the right type of production engineer, 
he said that there was a tendency for the appren- 
tice of ability to pass into the technical office 
rather than into the shops, since he was more 
easily able to assess his technical capacity than 
his capacity for leadership. For this reasc., Sir 
Frederick thought that every engineer sould 
serve his time in the shops and thus learn fw to 
use the human “ tools.” 
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Fook Reviews 


PRACTICAL APPLICATIONS OF 


ELECTRONIC 


Faster than Thought. A Symposium on Digital 
Computing Machines. Edited by Dr. B. V. 
BowDEN. Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. (35s. net.) 


Dr. Bowden has provided the general scientific 
reader with the first comprehensive guide to the 
machines popularly known as “electronic 
brains.”” Many people have tended to regard 
these inventions as near-human, while others 
have dismissed them as mere scientific toys. In 
fact, of course, electronic digital computers (to 
give them their proper name) are simply scien- 
tific instruments. They are immensely powerful 
aids to mathematical calculation, but their value 
depends entirely on the skill of the human beings 
using them. 

Some of the important problems these 
machines have already solved are described, 
though it is obvious that many fields of applica- 
tion have hardly been touched. By drawing on 
the knowledge of engineers as well as mathema- 
ticians, the author has also been able to include 
aclear account of the basic problems of machine 
design, construction, and mainienance. The 
book is divided into three parts. The first is 
devoted to the general principles on which all 
digital computers are based. It gives an 
intriguing account of the history of computing, 
and describes the life and work of Charles 
Babbage, who envisaged the automatic computer 
more than a century ago. Although his analy- 
tical engine was never built, its design incorpora- 
ted most of the logical features found on present- 
day machines, and in some respects it was even 
more ambitious. For the reader with some 
knowledge of electronics, there is an account of 
the circuits and components used in modern 
computers, together with much _ interesting 
information concerning machine performance 
and reliability. The author stresses the extreme 
care necessary in design and manufacture if a 
computer is to produce the right answer at the 
end of a million arithmetic operations. This 
section also includes a general account of pro- 
gramming, and describes the steps necessary in 
organising a mathematical problem for machine 
solution. Most computer laboratories issue 
programming handbooks for their own machines, 
and the reader is referred to these for fuller 
details of coding procedure. 

The second part gives a description of the 
various machines working or under construction 
in this country. Designers are still trying out new 
ideas for making machines faster, cheaper, and 
more reliable, and the varying needs of different 
types of user have led to a great diversity of 
machine sizes and speeds. A few details are also 
included of the more important machines 
operating in the United States. 

The third and largest section of the book is the 
one likely to be of most practical value to engi- 
neers. Here Dr. Bowden describes the various 
problems digital computers have already tackled, 
and suggests others for which they may be 
suitable. Among other examples he quotes 
prob!ems in logic, ballistics, crystallography and 
structural engineering. The use of machines in 
comr :ercial and census work is also discussed and 
It apears that while they may have a valuable 
Part |» play, different types of machine are needed 
from ‘hose developed for scientific calculations. 
For everal problems detailed flow-sheets are 
inclu:.2d showing how the calculation is arranged 
for ‘:e machine, and the reader interested in 
Part:. ilar fields is provided with many references 
to mre specialist work. One chapter is con- 
cern. with the application of machines to 
gam... Human beings may take comfort here, 
for 1» Manchester computer, at any rate, seems 
unlik« y to win even a minor chess championship 


COMPUTERS 


for many years to come. The final chapter 
describes the exploits of gifted human computers 
like Mr. W. Klein and Professor A. C.. Aitken, 
and how machines have influenced our ideas on 
the processes which occur in the human brain. 
The layman often asks whether machines can 
think. The real problem is to decide whether 
human thought is anything more than the product 
of a highly flexible computer with a vast (though 
sometimes unreliable) storage system. Whatever 
the answer to this question, the author sees no 
possibility of the circuitry of any machine ever 
approaching the complexity of the human brain. 

From such a collaboration of experts one would 
expect an authoritative book, and the engineer 
wondering whether his particular problem is 
suitable for automatic computation will find 
nearly all his questions answered. It is seldom, 
however, that one finds experts writing so enter- 
tainingly, or with such obvious enthusiasm for 
their work. One feels that all the contributors 
have found digital computers great fun, and 
Dr. Bowden’s vast fund of computer stories and 
his flair for the apt quotation set his subject on 
a plane that will assuredly never be reached by 
an “ electronic brain.”’ Users of the Manchester 
computer will complain that Plate 6 is upside- 
down, but this hardly mars an otherwise excel- 
lently produced book. 


The Year that Made the Day. The British 
Broadcasting Corporation, London, W.\. (6s.) 


This book is an account of how the British 
Broadcasting Corporation planned and prepared 
the successful broadcasts on Coronation day. 
The approach is non-technical; the other, and 
perhaps more interesting, aspect has been dealt 
with in a paper read before a meeting of the 
Institution of Electrical Engineers on Thursday, 
December 3, 1953, an account of which appeared 
on page 775 of our 176th volume. There was, 
however, a good deal of “‘ human” as well as 
technical interest in the arrangements and these 
are well brought out in this book. A tribute 
must be paid to those who were responsible for 
taking and selecting the excellent photographs 
which are reproduced. It is hardly too much to 
say that the broadcasts were the result of careful 
planning and excellent organisation. They were 
crowned with complete success on what may be 
fittingly described as the greatest day in the history 
of television. 


British Standards 


The following publications have been issued by 
the British Standards Institution. Copies are avail- 
able from the Sales Department of the Institution, 
2 Park-street, London, W.1, at the price given after 
each title. 


Unified Screw Threads (with Metric Equivalents). 
(12s. 6d., post free.) 


A revision of B.S. 1580, covering unified screw 
threads has been issued to replace a provisional 
specification published in 1949. The purpose of the 
revision is to take account of the criticisms submitted 
by industry following the experience gained in the 
manufacture and use of this relatively new screw 
thread. The thread sizes and pitches and the manu- 
facturing limits laid down in the provisional specifica- 
tion have been fully confirmed; hence the revision, 
B.S. 1580 : 1953, demands no change in tool design. 
Particular attention has been given to the basic form 
or theoretical profile and the design forms, or the 
forms of internal and external thread in relation to 
which tolerances are assigned. The basic form has 
now been adopted by the International Organisation 
for Standardisation as the basic profile for an inter- 
national screw thread. A new section is included 
dealing with threads which are to be plated, and the 
tables of limits and tolerances have been revised to 
show the sizes before and after plating. Although 
considerable endeavour has been made by representa- 
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tives of the United Kingdom, Canada and the United 
States, it has not been possible to reach agreement on 
a range of standard diameters and pitches below 
} in. diameter in the unified range. In an appendix 
to B.S. No. 1580, however, is now given a list of five 
sizes of small screws for use in the attachment of 
~»ain assemblies to a larger unit, such as instruments 
apanel. The Canadian and American representa- 
es have agreed to recommend these sizes for similar 
purposes on their own products. 


Dimensions of Fractional Horse-Power Motors. 
(2s. 6d., post free.) 

For many years there has been a specification for 
the performance of fractional horse-power motors 
(B.S. 170), but there has been no dimensional stan- 
dardisation in the United Kingdom. This lack of 
standardisation has now been rectified by the publica- 
tion of B.S. 2048, which establishes standard dimen- 
sions for two frame sizes of fractional horse-power 
motors. These frame sizes are such as will normally 
cover the following horse-powers at four-pole speeds, 
50 c/s. frequency, in drip-proof single-phase capacitor- 
type continuously-rated motors:—frame 56: 4 to 
3 h.p., and frame 66: } to ? h.p. The dimensions 
specified are those necessary to ensure that motors of 
different makes, but complying with the specification, 
will be mechanically interchangeable for all normal 
applications, when mounted on the driven machines. 
The new standard is applicable to D.C. motors and 
single-phase and poly-phase A.C. motors having 
enclosures of the protected, drip-proof and totally- 
enclosed types. 


TRADE PUBLICATIONS 


Tools and Supplies. Buck & Hickman, Ltd., 
2-8, Whitechapel-road, London, E.1, have sent us 
their General Catalogue of Small Tools and Supplies. 
Not including variations in size, about 10,000 
different tools or pieces of equipment are des- 
cribed in the 1,270 pages contained in the catalogue. 
The requirements of every type of workshop or 
yard appear to be catered for, ranging from abrasive 
cloths to zinc stencils and from B.A. screws to 
complete forges and cranes. 


Data Book on Resistance Welding. A pocket book 
recently published by Sciaky Electric Welding 
Machines, Ltd., Farnham-road, Slough, contains 
illustrations showing the four basic types of 
resistance welding, as well as a great deal of 
technical information on this process, which 
should be of use to engineers, designers and 
foremen. 


Miniature Pneumatic Valves. A range of miniature 
valves for pneumatic control are described in a 
leaflet issued by Lang Pneumatic, Ltd., Wolver- 
hampton. Three and four-way valves operated by 
solenoid, air, cam, foot and other mechanisms are 
illustrated, together with }-in. B.S.P. fittings and 
small cylinders designed for use in conjunction 
with the valves. 


Turbo-Exhausters and Blowers. The Sturtevant 
Engineering Co., Ltd., Southern House, Cannon- 
street, London, E.C.4, have published a leaflet, 
No. 5602, dealing with turbo-exhausters and 
blowers for industrial service, designed for appli- 
cations requiring a vacuum of 2 to 10 in. of mer- 
cury, or an air pressure from 1 to 6 lb. per square 
inch. Charts show the range of volumes, and a 
list of some of the many applications is given. 


BOOKS RECEIVED 


Static Electrification. A Symposium held at the 
Institute of Physics in London on March 25, 26 
and 27, 1953. The Institute of Physics, 47, Belgrave- 
square London, S.W.1. [25s.] 


European, Foundries and Productivity. Organisation 
for European Economic Co-operation, 2, Rue André 
Pascal, Paris (16e) [700 francs]; and H.M. 
Stationery Office, Kingsway, London, W.C.2. [14s.] 


The Year that Made the Day. How the B.B.C. 
Planned and Prepared the Coronation Day Broad- 
casts. British Broadcasting Corporation, Broad- 
casting House, London, W.1. [6s.] (See short 
review on this page) 


Exports in a Buyer’s Market. Report of the F.B.I. 
Export Sales Conference, Buxton, October 30 to 
November 1, 1953. Federation of British Industries, 
21, Tothill-street, London, S.W.A. [3s. 6d.] 


The Control of Quality in the Production of Wrought 
Non-Ferrous Metals and Alloys. I. The Control 
of Quality in Melting and Casting. A Symposium 
held in London on March 25, 1953. The Institute 
of eine 4, Grosvenor-gardens, London, S.W.1. 

15s. 
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The Engineering Outlook—1 


RETROSPECT AND PROSPECT 
I-MARKETS AND FINANCE 


7 immediate outlook for many of the engineering industries is rather an anxious 
one. For some time, the rate at which orders have been coming in has been 
below that of deliveries. In shipbuilding, very few orders indeed have been 
received during the past year, and several have been cancelled. This is the 
extreme case, but other basic engineering industries, like machine tools, heavy 
commercial vehicles and textile machinery, are similarly affected. There are some 
exceptions in those engineering industries which manufacture equipment for the 
iron and steel industry, where the five-year expansion programme is under way, 
or make contractors’ plant or mechanical handling equipment. Those industries 
which make hardware and consumer goods are still experiencing a very buoyant 


demand on the home market, but many manu- 
facturers are uneasy about future prospects. 
Although, therefore, the index of engineering 
production in 1953 recovered from the low levels 
of the second and third quarters of 1952, no one 
is likely to find in that any cause for self- 
congratulation. The recovery was followed 
by another fall in the index of industrial 
production for most branches of engineering, 
as the graphs at the top of the opposite page 
show (based on an index of 100 in 1948). 

It is rather ominous that the rise in production 
has been accompanied by a shrinking of the 
engineering labour force. This may be evidence 
of increased productivity and higher efficiency, 
but it is also evidence of defective demand, since 
employees displaced, sometimes by more efficient 
methods, but usually as a result of the reduction 
in armament contracts, are not being reabsorbed. 
Re-armament now accounts for a very small part 
of the total engineering activity, and by the 
middle of 1954 most of the outstanding orders 
will have been completed. 

Another disturbing feature is the extent to 
which production is being sustained by home 
demand. Exports of the British metal-using 
industries fell substantially in 1953, as shown in 
Table I and by the graphs at the bottom of the 
opposite page (based on an index of 100 in 
1950). Reduced prosperity in some of the 
major British markets in the Commonwealth, 
following the weakening of raw material prices, 
has been partly responsible. Conditions in some, 
at least, of these markets have improved suffi- 
ciently to permit a considerable relaxation 
of import restrictions, but this will not auto- 
matically produce an increase in the total of 
British exports. 

Much ground has been lostin the past two years 
to foreign competitors, particularly the Germans, 
and unless British manufacturers can sell as 
cheaply as these rivals and offer credit terms at 
least as favourable, their export prospects are 
poor, Failure to maintain competitive prices will 
have repercussions far beyond the confines of 
the engineering industry, since it is upon engi- 
neering exports, which now account for 41 per 
cent, of total British exports, that the Treasury 
must rely increasingly to maintain a balance in 
the payments account. Low costs are thus 
essential and it is vital that this should be taken 
into account in negotiations for wage increases. 
The Amalgamated Engineering Union ignored it 
completely when they held their recent 24-hour 
strike in favour of a 15 per cent. rise in wages ; 
a rise which would add £125 millions per annum 
to engineering costs. So far as employers are 
concerned, no doubt there is room for greater 
efficiency, both:in sales and production methods, 
There is, however, little evidence as yet that 


investment on plant and machinery is increasing, 
despite improved credit facilities. 


NEED FOR EXPORTS 


The national income of the United Kingdom 
in 1953 was somewhat higher than in 1952— 
perhaps by as much as £500 millions—but this 
has been due largely to an improvement in the 
terms of trade. Less had to be paid for the raw 
materials imported from abroad, and conse- 
quently it was possible to devote more resources 
at home both to the purchase of consumer goods 
and to housing, factory buildings, industrial 
equipment and capital investment generally. 
This prosperity, however, has rested on very 
insecure foundations ; the surplus in the balance 
of payments at the end of June, 1953, had fallen 
to £81 millions, and this included aid from the 
United States of £55 millions, It might be 
justifiable to work so close to the margin if the 
United Kingdom had large reserves of foreign 
exchange ; but while, as at present, the reserves 
are totally inadequate, financial policy must be 
directed towards obtaining a substantial surplus 
in the foreign account. Some of the resources 
which are being used up at present to raise the 
standard of living or for increasing less essential 
capital formation at home must be devoted, 
therefore, to improving the balance of trade. 
The opposite tendency is much in evidence. 
Unable to sell their products overseas, manu- 


TABLE I, UNtrep KINGDOM : 


VALUE OF EXPORTS OF METAL MANUFACTURES, 


January 1, 1954 ENGINEERING 


facturers have been looking increasingly to ‘he 
home market as the answer to their problen s ; 
and since the very existence of a healthy hc ne 
market depends upon the maintenance of a h gh 
volume of exports, this policy must ultimaiely 
defeat itself. Its reversal will require all the 
energies and ingenuity of the engineering manu- 
facturers in 1954. 


GERMAN EXPORTS INCREASE 


The full difficulty of the task can be appreciated 
only by examining some recent export trends, 
Until 1951, the main Commonwealth countries— 
Australia, New Zealand, South Africa, India and 
Pakistan—took nearly one-third of the total 
British exports ; in 1953, they took substantially 
less than one-quarter. Fortunately, British 
exporters, forced to turn their attention elsewhere, 
were able to expand their exports to the United 
States, Canada and Western Europe. In these 
markets, however, they are exposed to the full 
force of foreign competition, which, even within 
the Commonwealth, has lately become something 
to be reckoned with. The distribution of British 
engineering exports is shown in Table II, below. 

In a study of engineering exports by the British 
Engineers’ Association, it is shown that, while 
German engineering exports rose by 98 per cent. 
between 1950 and 1952, British engineering 
exports increased by only 14 per cent. The 
British performance, moreover, was considerably 
worse than that of the United States, France and 
Sweden, whose engineering exports increased by 
28, 45 and 33 per cent., respectively. The com- 
parison is not quite so unfavourable for the 
British engineering industry, however, when the 
geographical orientation of the exports of the 
other countries is examined. The bulk of the 
German, French and Swedish exports has been 
directed to other Western European countries, 
and much of the remainder to Central and South 
America, which accounted for the greater part of 
the exports of the United States. Since 1951, the 
Western European markets have been com- 
paratively strong, while the South American 
markets have contracted rather less than the 
sterling markets, so that British exporters have 
been in a relatively weak position. The charac- 
ter of British engineering exports, moreover, has 
not helped. Whereas motor vehicles have 
accounted for only about 14 per cent. of the 
German engineering exports, they accounted for 
29 per cent. of the British exports in 1952. In 
1953, motor-vehicle exports were among the most 
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EXPORTS OF PRODUCTS OF THE ENGINEERING INDUSTRY TO SELECTED AREAS. 
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These diagrams show Industrial Production in the United Kingdom for the whole of 1952 and for those Quarters of 1953 for which 
figures are available. In general, the Recovery in 1953 from the low levels of 1952 was followed by another fall. 


severely hit, and their share of the British engi- 
neering exports fell to 26 per cent. 

No country has achieved any considerable 
increase in exports of engineering products in 
1953. German exports will probably prove about 
as high as in 1952, despite a fall in shipments to 
South America; this was the result of the 
deliberate policy of the German banking system, 
which has restricted credits where the risks have 
been considered too great. They are gaining in 
the Commonwealth, and there is cause for con- 
cern in the frequent reports received in recent 
months of orders lost by British companies to 
German manufacturers in India, Pakistan, South 
Africaand elsewhere. A recent startling example 
was the Indian award of a contract for a large 
number of locomotives and rolling stock to 
German and Continental manufacturers, whose 
prices were substantially below the British. Other 
important contracts obtained by German engi- 
neers include a Pakistan steel mill, a South 
African synthetic petrol plant, and a bridge over 
the Bosphorus. 


COUNTERING FOREIGN COMPETITION 


It may be that British manufacturers can look 
forward to an increase in exports to Australia and 
New Zealand in 1954; in other parts of the 
Commonwealth, however, they may well be 
faced with a further decline, because the incomes 
of many producers of raw materials are still 
declining. In India, the five-year development 
plan has suffered a setback, and in Pakistan also 
progress has been interrupted. In any case, the 
establishment of manufacturing industries in 
these countries must bring about a reduction in 
many classes of their engineering imports. 
A striking example of how the growth of local 
production and currency difficulties have com- 
bined to reduce imports of engineering goods is 
that of Diesel engines. These are urgently 
needed for the large-scale agricultural and hydro- 
electric projects. Since 1946, the output by the 
six Indian manufacturers has about trebled, and 
by 1955 is expected to reach 55,000 units. Eve n 
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this, however, is insufficient to meet home re- 
quirements, and the fact that Indian imports of 
British Diesel engines have had to be cut from 
£3-2 millions for the period January to October, 
1952, to £323,000 for the corresponding period 
of 1953 is an indication of the gravity of the 
situation. 

If British manufacturers are to increase their 
exports in 1954, it is clear that they will have to 
rely increasingly on non-Commonwealth markets 
and that foreign competition, within and without 
the Sterling Area, may be expected to grow more 
intense. Some are already attributing the success 
of the foreigner to unfair practices. It is alleged 
that absurdly low prices are often quoted to gain 
an entry into a market, or simply to keep 
factories employed ; and that, in some cases, 
foreign manufacturers have been enjoying the 
benefit of both concealed and unconcealed 
subsidies. These allegations are in large part 
true, and British production costs, where it is at 
all possible to make a comparison, appear to be 
little if any higher than those of their competi- 
tors—including the Japanese, whose low labour 
costs in recent years have been offset by the 
high prices paid for steel. 

One of the main advantages enjoyed by foreign 
competitors, and by the Germans in particular, 
is that often they can offer very extended credit 
terms ; German companies are said to be able to 
offer credits up to seven years. Their export 
credit bank can directly offer four-year terms, 
and, since the credits need not begin until one 
year after the contract is signed, a five-year 
credit can be given by arranging for a commercial 
bank to finance the initial year. It is possible, 
moreover, to extend credits far beyond this, by 
securing from the banks, long before the contract 
is signed, a promise of rediscount facilities. Some 
credits of more than ten years are being granted, 
as in the case of the Pakistan steel mill. One of 
the most recent examples of the German deter- 
mination to develop exports is the granting of 
industrial credits to the value of £18 millions to 
Greece. The credits range from five to eight 
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years in duration, and will be used to finance 
shipbuilding and ship-repairing installations, 
sugar factories, a nickel plant, and possibly a 
chemical and steel works. 


CREDIT FOR FINANCING EXPORTS 


In the United Kingdom, complaints have long 
been heard by manufacturers about their inability 
to obtain credit to finance their exports ; and, in 
fact, in face of the crisis in the balance of pay- 
ments, it has been the Government’s policy, 
through the Foreign Exchange Control Com- 
mittee, to restrict the length of credit granted to 
foreign importers. This was an emergency policy 
which no one pretended to be sound, and it was 
largely reversed by the Chancellor of the Exche- 
quer, Mr. R. A. Butler, last April. The banks 
are now granting overdrafts more freely to cover 
at least the finance of medium-term contracts, 
and the Export Credits Guarantees Department 
has shown a greater willingness to cover risks in 
many markets. 

The Department has been charged with being 
over-discriminatory in some markets, particu- 
larly South America, but cover is rarely refused 
without ample justification. Even the Germans 
are cutting down their risk commitments in those 
markets, and there now seems to be some doubt 
whether the Volkswagen and Daimler-Benz 
companies, who have been conducting negotia- 
tions for the building of motor vehicles in Brazil, 
will carry their plans through. 

Mr. Butler stated in April that the problem of 
finance for British exports was really one of 
making known the facilities that already existed ; 
complaints about the inadequacy of machinery 
were largely unjustified. This is true, at least in 
part, particularly so far as shorter credit is 
concerned, since it seems that the bill of exchange, 
one of the simplest mediums for this type of 
credit, is too little used. On the other hand, 
there can be no doubt that credits for capital 
goods as long as those extended by their German 
competitors are not available to British manu- 
facturers. The wisdom of the Germans in 
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extending such protracted credit is open to 
question, but the fact remains that, while they 
continue to do so, they are likely to obtain orders 
which otherwise might be placed in the United 
Kingdom. 


HELP FOR THE SMALLER FIRMS 


A welcome development, which will help 
manufacturers in the engineering industry to 
solve the problem of export finance, is the forma- 
tion of the Manufacturers’ Export Finance 
Company. This development, covering the 
whole of engineering, follows the lead set by the 
aircraft industry in September, when the Air 
Finance Company was set up. The scheme for 
the engineering industry will be concerned solely 
with capital goods, and is designed to help the 
smaller companies in the industry. The new 
company will have a capital of £250,000 and one 
of the joint-stock banks has agreed to provide 
loan facilities up to an initial amount of £2 
millions. Although inadequate for the global 
needs of British industry, this promises a more 
realisticapproach to the problem of exportcredits. 

British exporters are not entirely without 
protection against unfair trading practices. 
International action has been undertaken already 
tocurbthem. At the instigation of the Federation 
of British Industries, the Council of European 
Industrial Federations have put a recommenda- 
tion to their various Governments that there 
should be no increases in the provision of artificial 
incentives for an initial period of three months. 
This is no more than a truce, but it will serve a 
useful purpose if, while it lasts, the whole matter 
can be thrashed out by such a body as the 
Organisation for European Economic Co- 
operation, and some agreement obtained on the 
limitation of export subsidies and on the reduc- 
tion or elimination of export and home price 
differentials. Some British practices will come 
in for as close a scrutiny as the Continental ; for 
example, the United Kingdom may find it hard 
to justify the differentially high export prices 
charged for coal. 

On the whole, international action in this 
direction will benefit the United Kingdom, but it 
must not be assumed that British salvation will 
necessarily be found in progress towards freer or 
“fairer”? trade. Certainly, the General Agree- 
ment on Tariffs and Trade (G.A.T.T.), which 
does not permit members of the Commonwealth 
to raise import duties against non-Commonwealth 
countries without also raising them against other 
members of the Commonwealth, has not assisted 
the flow of inter-Commonwealth trade. At the 
1953 session of the conference, only limited 
concessions were granted to the United Kingdom, 
under which, in certain conditions, permission 
was granted to raise preferential tariffs on 
some commodities. At the same _ time, 
against opposition from the United Kingdom 
and other Commonwealth countries, Japan was 
admitted to associate membership of G.A.A.T. 
for a provisional period ending in June, 1955. 
Should Japanese competition with cut-price 
goods again become a serious factor in world 
trade, therefore, the Commonwealth can no 
longer seek a remedy by raising tariffs. 


QUICK DELIVERY 


One factor which should help some categories 
of British exports is increasing ability to offer 
delivery as quickly as their competitors. Now 
that defence commitments have been reduced, 
material shortages largely eliminated, and order 
books brought to manageable proportions, there 
can be little excuse for failing to attend promptly 
to the customer’s requirements. Unfortunately, 
there is much truth in the charge that many 
British exporters still do not do enough towards 


adapting their product and their selling effort to 
Overseas requirements. For every British repre- 
sentative who is studying conditions and building 
up goodwill in foreign markets there are two or 
three Germans. Trade literature is presented all 
too seldom in the language of the market to which 
it is directed, or in a form which appeals to 
potential buyers, and the foreigner must often 
be driven to despair by the complicated con- 
versions that he is called upon to perform on 
British weights and measures. Where quotations 
are requested, he prefers these to be given in 
terms of his own currency, with delivery to his 
own factory, but the British exporter does not 
invariably give him this information. In some 
markets, success or failure may depend on making 
minor adjustments to the product, and in others 
it may be necessary to adapt marketing methods 
to local conditions. In some, for example, it 
will be found necessary to offer comparatively 
high discounts to make a product acceptable to 
distributors, although the same product, carrying 
lower discounts, might undersell competing 
products. 


INVESTMENT FOR EXPORT 


A_ successful export campaign begins, of 
course, on the factory floor, and this means 
ensuring that the tools for the job are adequate. 
It has been clear for some years, however, that 
the rate of private industrial investment has been 
barely adequate to keep existing capital intact. 
This was inevitable while investment had to be 
curtailed to meet the competing needs of exports 
and the defence programme ; when, however, as 
in 1952, both exports and defence production 
were curtailed, the way should have been clear for 
substantially increased investment in plant and 
equipment. Unfortunately, much of the increase 
in the national income was dissipated in current 
consumption ; of such extra resources as were 
devoted to investment a large part went to 
housing, and of the remainder most seems to have 
gone to public authorities and corporations. 

An examination of recent trends brings out 
some interesting conclusions. The Treasury, in 
their Bulletin for Industry for October, produced 
evidence to show that the volume of industrial 
investment in 1952, despite a fall from the 1951 
level, was 20 per cent. higher in real terms than in 
1948. The total fixed capital formation, valued 
at 1948 prices, rose from £1,393 millions in 1948 
to £1,551 millions in 1952. Investment in 
plant and machinery increased from £489 
millions in 1948 to £617 millions in 1951, 
but had fallen off to £596 millions in 1952, 
when it was still about 30 per cent. higher 
than in 1948. An analysis of investment by 
industry is given for the years 1948 to 1951, but 
no attempt is made to show the trend of invest- 
ment in the various sectors. Of the total 
investment in manufacturing industry of £1,687 
millions over the four-year period, £222 millions 
were spent on engineering, shipbuilding and 
electrical goods, £215 millions on the food and 
drink industries, £199 millions on chemicals, 
£192 millions on textiles, £179 millions on steel, 
and £111 millions on vehicles. 

A study of the White Paper on National 
Income and Expenditure for 1952 gives a rather 
less favourable picture. From these returns, it 
appears that the fixed capital formation in the 
private sector of the economy rose from £773 
millions in 1949 to £926 millions in 1952, or by 
20 per cent. Prices, however, fell by about 
30 per cent. over the period, so that the real 
investment in the private sector must have been 
substantially below the 1949 level. Per contra, 
the value of fixed investment in the public sector, 
which includes central Government, local author- 
ities and public corporations, rose by about 
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48 per cent., from £761 millions in 194) to 
£1,128 millions in 1952. Allowing for the r se jn 
prices, real investment seems to have been 2 dout 
12 per cent. higher. 


GOVERNMENT MONETARY POLICY 


Inadequate investment in the private s:ctor 
and in private manufacturing industry in par. 
ticular is not necessarily due to lack of entery rise; 
Government monetary policy must take some of 
the blame, at least. The public sector has found 
no difficulty in finding finance for defence and an 
expanded house-building programme, though its 
own saving has been quite inadequate for the 
purpose. Including defence aid, the funds 
available to the public sector from its own sources 
for investment fell from £1,026 millions in 1949 
(which was £265 millions surplus to requirements) 
to £675 millions in 1952 (which was £453 millions 
short of requirements). Therefore, the extra 
finance had to come from the private sector, and 
was found, in fact, largely out of finance which 
otherwise would have been available to the 
private sector for its own investment. Increased 
interest rates and a policy of credit restriction 
reduced the total of bank advances by £20] 
millions without requiring the creation of much 
new money. Compared with the rest of manu- 
facturing industry, the engineering industry has 
been fortunate in the matter of advances; 
between November, 1951, and November, 195), 
engineering bank finance increased from £126:7 
millions to £157-3 millions. This may have been 
largely due, however, to the increased finance 
obtained by companies on defence production, 
since it had fallen back to £147-3 millions by 
August, 1953. 


During 1953, it was the declared intention of | 


Government monetary policy that investment in 
private manufacturing industry should increase ; 
thus, initial allowances were partly restored to 
rates of 10 per cent. on industrial buildings and 
20 per cent. for plant and machinery, and the 
excess profits levy is to be repealed from 
January 1, 1954. Taxation reliefs in the “ incen- 
tive budget ’’ were designed “to improve our 
competitive efficiency, to provide incentives for 
greater effort and to encourage private saving.” 
The results have been disappointing, however, 
and the blame must attach squarely to private 
industry. Despite the ready availability of bank 
finance, advances fell by £59 millions between 
August, 1952, and August, 1953, to £1,788 
millions. The failure of industry to invest is due 
partly to an understandable unwillingness to 
replenish stocks while the future trend of raw 
material prices is uncertain, and a further fall is 
perhaps more probable than a rise. Neverthe- 
less, it is clear that fixed investment has failed to 
rise, which seems to indicate that, when prospects 
for profits are considered to be poor, industry 
still tends too readily to take the negative course 
of retrenchment. Large companies are just as 
bad offenders as small. Too many have given 
instructions that, for the present, capital schemes 
shall be suspended or reduced. 5 

Uncertainty is the keynote in the situation 
which faces the engineering industry to-day. 
The unpredictability of markets is not in itself of 
great consequence, but it would be most serious 
if the uncertainty affected the morale of British 
industry. Resolute optimism, enterprise and hard 
work are, after all, the only recipe for increasing 
sales and defeating foreign competition. 

To be Continued 


Succeeding articles will complete the general 
review started in this article, and then cxamine 
the commercial prospects of the principal |-ranches 
of the engineering industry. Further infcvmation 
on industrial production is given in a ‘* Weekly 
Survey ” note in this issue. 
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BUCKLING AND STABILITY 


NEW UNDERSTANDING OF THE 
BEHAVIOUR OF COLUMNS 


HE failing load of a column, considered as part of a loaded structure, rather than 
7: a hypothetical unit artificially compressed, depends on the rate of loading, 
the elasticity of the structure through which load is applied to the column, and the 


creep characteristics of the compressed material. 


These were the chief points made 


by Professor N. J. Hoff in the Wilbur Wright Memorial Lecture which he delivered 


to the Royal Aeronautical Society.* 


They are points of practical significance. 


Pro- 


fessor Hoff, who is Head of the Department of Aeronautical Engineering and Applied 
Mechanics at the Polytechnic Institute of Brooklyn, described investigations he has 
carried out — investigations sponsored by the Office of Naval Research of the U.S. 
Navy — and reviewed historical and contemporary knowledge of the subject generally. 


Though he was addressing aeronautical engineers, 
his Lecture contained much of value to other 
branches of engineering. 

Quoting Vetruvius, he recalled the primitive 
analogy between the proportions of a column and 
those of the human figure, namely, height and 
diameter of the column, and height and foot- 
length of the human figure, which gave a ratio of 
6 to 1 for the masculine column and 8 to 1 for 
the more elegant feminine one. It was to rules 
such as these that architects had worked for fifty 
centuries, for it was only 209 years ago that 
Euler (1744), developing a hint given him by 
Daniel Bernoulli, enunciated the classical theorem 
which was to become the basis of all subsequent 
developments in the theory of elastic stability. 

But such was the simplicity and elegance of 
Euler’s contribution that it was for too long 
regarded not as a starting point but as a system, 
and although architects and engineers soon found 
that the simple Euler formula, applied out of 
context, predicted unsafe loads for most of the 
columns actually used in building construction, 
no significant theoretical advance was made for 
nearly 150 years. 

Some sixty years ago, Considére (1889) and 
Engesser (1889), working independently, ex- 
plained the anomalous behaviour of short 
columns by distinguishing between the apparent 
elastic moduli of the outer and inner fibres, which 
correspond to the tension and compression areas 
in flexure. Their important contributions to 
stability theory ‘‘ did not attract the attention of 
the engineering world,” and no mention of their 
work appeared in the leading textbooks of the 
next two or three decades, such as Bach’s 
Elastizitdét und Festigkeit, Morley’s Strength of 
Materials, and the first six editions of Johnson, 
Bryan and Turneaure’s Modern Framed Struc- 
tures. Just over forty years ago, von Karman 
(1910) took Engesser’s work a stage further, and 
in 1912 the Engesser-von Karman formula was 
te-derived independently by Sir Richard South- 
will. Further contributions to the theory of 
short column buckling had since been made, 
particularly perhaps during the past ten years by 
F.R. Shanley. 

Continuing his survey, Professor Hoff referred 
to “greater deviations from the behaviour 
Predictei by the classical theory than that 
observe: with the short column : the thin-walled 
circular -ylindrical shell collapses catastrophically 
under a oad which amounts to only one-third of 
the cla. sical limit of stability; the simply- 
Supporti flat plate can be subjected to loads 
exceedir : the theoretical stability limit by a factor 
of ten c- more if it is thin ; in a very rapid test 
the ord. ary column can support a multiple of 
the critcal load; and an aluminium-alloy 

» 


Proc. Roy. Aero. Soc., vol. 58 (1954). 


column maintained at a uniform temperature of 
500 deg. F. will collapse, with a snap, under any 
compressive load, however small, if the test is 
continued long enough.” The importance of 
dynamic effects was emphasised by the practical 
illustration that it would hardly be possible to 
drive a nail with a hammer if columns could not 
support axial compressive loads considerably in 
excess of the critical values when the loading was 
applied only for a short time. 


ANOMALIES IN SHORT-COLUMN 
THEORY 


Professor Hoff’s investigations had therefore 
been directed to the clearing up of outstanding 
anomalies in short-column theory and to con- 
sideration of the effects of rapid load application 
and of creep. 

One of the outstanding problems of the short 
column had been the difficulty of predicting the 
loads at which failure occurred in a testing 
machine. Attacking this problem experimentally 
in the first place, Professor Hoff had recorded 
the time history of the loading head, of the axial 
compression in the column, and of the strain 
on the concave and convex sides of the middle of 
the column. Typical oscillographic traces of 
these four variables, with the two strains adjusted 
to different datum levels, are reproduced in 
Figs. 1 and 2, which show the very different 
behaviour of a long and a short column under 
the same test conditions. 

For the long column, Fig. 1 “* reveals that all 
four traces are straight lines until the buckling 
load is reached. At that moment a break can 
be observed in the lines, and from there on the 
strain on the concave side of the column increases 
at a higher rate and that on the convex side at a 
lower rate than before. The compressive load 
remains constant, and the loading-head velocity 
increases. Except for the last item, all the 
variations recorded are in good agreement with 
expectation based on the Euler buckling theory. 
The increase in the loading-head velocity is 
mainly a consequence of the elasticity of the 
testing machine. Under a constant load the 
pumps must furnish only enough fluid to take 
care of the increased volume corresponding to 
the displacement of the loading head, while 
before the Euler load is reached they also have to 
fill the additional space created by the elastic 
expansion of the pipes and containers under the 
increasing oil pressure.” 

For the short column, Fig. 2 showed that “the 
behaviour of the column is radically different. 
When the buckling load is reached, violent 
changes take place in all the quantities measured. 
The column snaps from its slightly deflected 
position into a highly deflected one with an 


13 


audible thud. Records taken at a higher camera 
speed have shown that, on the average, the snap 
takes about one hundredth of a second.” 

Discussing the experimental results and the 
possibility of a theoretical explanation, Professor 
Hoff continued :—‘* One of the objectives in 
developing a dynamic theory of the buckling 
process of short columns was the explanation 
of the snap action. In 34 tests performed in the 
first series of experiments described in previous 
communications,* every short column snapped 
through and every long column failed gradually. 
It was not unreasonable to assume, therefore, 
that the violent changes taking place at buckling 
were a consequence of the non-linearity of the 
stress-strain relationship beyond the elastic limit. 
Nevertheless, several attempts to obtain the 
jump theoretically through introduction of a 
non-linear stress-strain law failed completely. 
It appeared from the calculations that the relief 
in compression accompanying the transverse 
deflections was so great that it effectively stopped 
any incipient sudden lateral motion.” 


ELASTICITY IN THE TESTING MACHINE 


‘** This was found to be true when the displace- 
ment of the loading head was prescribed. The 
remedy for the situation was the assumption of 
some elasticity in the testing machine itself; this 
elasticity permitted the loading head to follow 
the downward movement of the column without 
a substantial loss in the compressive force when 
the column deflected laterally. When this 





Fig. 1 Oscillogram of Test on a Slender Column 
in a Hydraulic Machine 





Fig. 2 Oscillogram of Test on a Short Column 
in a Hydraulic Machine 


These two oscillograms illustrate the difference 
in the behaviour of slender and short columns on 
buckling. The violent changes which occur with 
short columns - known as snap-through - are con- 
sidered to be due in part to the elasticity of the 
testing machine. The traces are: (1) strain on 
concave side ; (2) head displacement ; (3) axial 
force in column ; and (4) strain on convex side. 
A time mark is shown at (5). The initial values 
of the strains are equal, but they are projected 
apart for the sake of clarity. 


* N. J. Hoff, S. V. Nardo and Burton Erickson, 
‘*An Experimental Investigation of the Process of 
Buckling of Columns’’; P.I.B.A.L. Report No. 170, 
Brooklyn, N.Y., 1950; and Proc. Soc. Exp. Stress 
Analysis, Vol. 9, No. 1, page 201 (1951). 
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Fig. 3 Connection between the Load and Load- 
ing-Head Displacement (Static Solution, Non- 
Linear Column) 

s denotes flexibility of testing machine 

e is a non-dimensional eccentricity parameter 
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Fig. 4 Phase-Plane Diagram for ¢ = 18 


= 50 


idea was introduced in the theory, the jump 
phenomenon was obtained. The pre-requisites 
for the snap-through (or jump) process are, 
therefore, a non-linear stress-strain relationship 
and an elastic testing machine. If either feature 
is missing, buckling occurs gradually.” Full 
details of this theory, in connection with which 
Professor Hoff acknowledges a contribution 
made by one of his assistants, Professor F. V. 
Pohle, are given in an appendix to the published 
report of the lecture. 

The success of the theory in interpreting the 
effect of the flexibility of the testing machine is 
clearly shown by the calculated curves reproduced 
in Fig. 3, in which s = 0 defines the perfectly 
rigid testing machine and s = 100 an ideal 
elastic one. The ordinate represents compressive 
load, and the abscissa displacement of the 
testing-machine head. Curves are plotted for 
two different values of the eccentricity of the 
loading axis, represented by the non-dimensional 
parameter e. “‘ This diagram can be regarded 
as the history of the changes in the axial com- 
pressive force, p, in the column during a very 
slow loading process. When c, the loading-head 
velocity, is constant, ¢ represents the time as 
well as the displacement of the loading head. 
Slow loading must be stipulated because the 
inertia forces were neglected in the analysis. 
The curves pertaining to the perfectly rigid testing 
machine (s = 0) do not present any unusual 
features; they show a drop in load after the 
maximum value is reached, as can be expected 
with columns buckling above the elastic limit 
of their material. . . . The entirely novel feature 
of Fig. 3 is that the curves corresponding to the 
elastic testing machine (s = 100) are triple 
valued in p over a considerable range of ¢.” 

“* This fact changes significantly the behaviour 
of the column in the testing machine. As the 
loading head descends, the load _ increases 
approximately linearly at the beginning of the 
test. The deviations from linearity increase when 
the maximum load is approached, but they are 
not large because the greater portion of the 
end displacement can be attributed to the elastic 
deformation of the testing machine, which takes 


place in a linear fashion in accordance with the 
assumptions made.” 

“Immediately after the maximum load is 
reached, the curve turns back; this reversed 
curve does not correspond to any real loading 
process because it can be followed only if the 
testing machine is reversed. If this is not done 
and the loading head continues to descend at a 
uniform rate, no points of equilibrium follow 
in a continuous manner. Equilibrium at further 
increased ¢ values is possible only at significantly 
lower values of the load p which correspond to 
materially increased lateral deflections at the 
middle of the column. Consequently, the column 
must jump from the small-deflection position 
into the large-deflection position, and during this 
snap-through process it must pass through 
positions in which static equilibrium is not 
possible. The resultant force in these positions 
does not vanish, but causes accelerations 
or decelerations in agreement with Newton’s 
law.” 

Having established theoretically the connection 
between testing-machine elasticity and -jump, 
or snap-through, at the buckling load, Professor 
Hoff obtained a quantitative solution by using 
the phase-plane method of analysis recently 
applied to non-linear columns in a P.I.B. Thesis.* 
Phase-plane diagrams, connecting the lateral 
displacement of the mid-point of the column and 
its velocity, were constructed for three different 
compressed lengths as the buckling load was 
approached. These diagrams, which are plotted 
non-dimensionally, are reproduced here as Figs. 
4, 5 and 6, for compressed lengths of 18, 19, and 


* David Burgreen, ‘‘Free Vibrations of Pin- 
Ended Columns with Constant Distance between 
Pin Ends.”’ J. Appl. Mech., Vol. 18, No. 2, page 135 
(June 1951). 
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21-89, respectively, the last being ‘* very 
to the buckling load.” 

Fig. 4 indicates that, in this state of com ‘res. 
sion, the column is stable for all values 0! the 
amplitude; but at a slightly higher stage of com. 
pression. Fig. 5 shows that the column is only 
stable for small values of the amplitude, and 
that it can take up buckled positions on one side 
or other of the axis if the disturbance exceeds the 
critical values, which are slightly different op 
either side, due to the initial eccentricity ¢ 
In Fig. 6, the axially stable region of Fig. 5 is 
reduced to dimensions too small to be plotted on 
the diagram, and the alternative fully buckled 
deflections have modular values of between 
6 and 8. 

From the lateral deflection immediately after 
buckling, computed in this way, Hoff found that 
** the time necessary for the column to cover the 
distance from the starting point to the position 
of equilibrium at large deflections was 0-0015 
sec.”” This was in good agreement with the time 
estimated from oscillograph records, and the 
theory therefore predicted the snap-through 
process. 

Further confirmation of the theory was 
obtained by undertaking tests in machines of 
different elasticities. A 200,000-lb. Riehlé screw- 
type testing machine proved to be sufficiently 
rigid to inhibit jump, but when an elastic dynamo- 
meter was introduced between the test column 
and the lower platen, there was a sudden drop in 
load at buckling, accompanied by an audible 
thud. Thespring constant of the Riehlé machine 
was found to be about 10 x 10° Ib. per inch 
without the dynamometer, and about 6-7 x 10° 
with the dynamometer. Columns which had 
been tested in a Sonntag hydraulic machine 
having a spring constant of 1-5 x 10° Ib. per 
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Fig. 5 Phase-Plane Diagram for —<=19 
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Fig. 7 Oscillogram of Rapid-Loading Test 


The unit length shown corresponds approximately 

to 0:0025 sec., 950 x 10-* strain, and 558 Ib. 

load. The initial values of the strains are equal. 
They are projected apart for the sake of clarity. 


inch failed with a violent, and sometimes 
explosive, snap-through. 


MACHINE FOR APPLYING RAPID’ 
LOADS 


Turning to “‘rapid load application’ which 
he distinguished from ‘‘ impact-type loading,” 
Professor Hoff outlined a method of theoretical 
solution and then described a machine which he 
had recently designed and constructed at 
Brooklyn for testing columns up to 13-in. long. 
“It is essentially a flywheel with an interchange- 
able cam which actuates a follower to depress 
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rapidly the upper end of acolumn. The flywheel - 


is brought up to full speed by a squirrel-cage 
induction motor rated at 2 h.p. at 1,680 r.p.m. 
The V-belt drive is arranged in such a manner 
that the maximum rotational speed of the fly- 
wheel is 2,000 r.p.m. The flywheel is mounted 
on a shaft of 3-in. diameter, which runs on ball 
bearings housed in heavy steel parts. A standard 
hydraulic automobile brake is provided to stop 
the flywheel. . . . When the flywheel is rotating 
at the desired speed, the operator throws a 
switch which actuates a trigger mechanism. 
The trigger brings the follower in position to 
engage the cam; a timing commutator is 
provided to ensure that this can happen only 
when sufficient time is available for the follower 
to become fully operative.” 

After explaining that this machine was still in 
the adjustment and calibration stage and that only 
a few preliminary tests had been made in it, 
Professor Hoff showed the oscillograph test 
record which is reproduced here as Fig. 7. The 
unit length shown corresponds approximately to 
0:0025 sec., 950 x 10-* strain, and 558 Ib. load. 
The initial values of the strains are equal ; they 
are projected apart for the sake of clarity. 

The test specimen was an aluminium-alloy 
column having a solid rectangular cross-section 
of } in. by } in., and 11-in. long between knife 
edges. The slenderness ratio was 153; the 
initial eccentricity parameter, e, was 0-001, and 
the dynamic similarity number, Q, was approxi- 
mate! 10. 

The mean load was estimated by coupling strain 
8auge: in series at the upper and lower ends of the 
colur'n. The strains were measured on opposite 
Sides of the middle of the column. Initially, all 
three quantities were zero, and they all made 
apprc ‘imately linear deviations when the cam was 
engar-d. “* After about 0-0052 sec., one of the 
Strains begins to increase more rapidly while the 
other indicates a strain reversal. At that 
Moment the column starts to buckle; the 
Maxi um load is reached in about 0-0062 sec.” 


The maximum load recorded in the test was 
about 1,350 lb., and, since the Euler load was 
558 lb., the overload factor was about 2:4. 


CREEP BUCKLING 


From his work on creep buckling, which is still 
in progress at Brooklyn, Professor Hoff con- 
cluded that the critical time is comparatively 
little influenced by the initial crookedness of the 
column, so that uncontrollable inaccuracies of 
manufacture do not affect unduly the usefulness 
of the column. The critical time, however, is 
very sensitive to the magnitude of the applied 
compressive stress. Thus, if the load were 
decreased from 90 per cent. to 75 per cent. of the 
Euler load, the lifetime of the average column 
would be more than doubled. In consequence, 
the designer could greatly increase the safety of 
his structure by increasing only slightly the cross- 
sectional area of the column. 

In conclusion, Professor Hoff discussed the 
terminology of failure in compression, referring 
particularly to inconsistencies in the use of the 
terms ‘* buckling load,” “critical load’ and 
** collapse load.”’ Thus, in his own words : “ It 
may be said that the buckling load observed with 
a slender column when it is loaded slowly in the 
ordinary testing machine is, for all practical 
purposes, the critical load of the classical theory 
of stability. When the loading takes place very 
rapidly, this is obviously not true because the 
load reaches values far exceeding the critical load. 
A thin, rectangular, perfectly elastic plate 
supported along all four edges develops bulges so 
innocuously that the buckling load loses its 
physical significance ; with such a plate the 
only load that counts is the collapse load, which 
is considerably higher than the critical load. 
Finally, the axially-compressed thin shell col- 
lapses at about one-third of the critical load. It 
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is an oddity of accepted terminology that engi- 
neers are in the habit of considering as the 
critical load of the cylinder the experimentally 
observed buckling load, that is, the lowest load 
at which a sufficiently large disturbance is likely 
to provoke the snap-through process. In this 
case they are therefore perfectly willing to 
divorce the definition of buckling from the 
Eulerian theory of stability. At the same time 
they cling to the classical stability concept for the 
flat plate and refuse to accept the maximum load 
as the buckling load.” 

** This lack of consistency in terminology and 
accuracy in definition,” Professor Hoff continued, 
** becomes even more apparent when the material 
is not perfectly elastic. This has been the cause 
of the controversy over the tangent modulus load 
as the correct stability limit.” After discussing 
several proposed definitions he suggested that, in 
respect of one of these, ‘‘ In a much less precise 
manner the engineer would express the same 
thought by saying that a system is unstable if 
the application to it of a very small force can 
produce a very large displacement. The emer- 
gence of such an entirely different criterion 
illustrates the point that there is nothing sacred 
about the classical definition of stability.” 

Professor Hoff’s own view was that “It 
seems advisable to reserve the terms critical load 
and characteristic value of the load for the 
designation of theoretical loads at which the 
state of equilibrium is of a special character. 
Thus, the load at which the limit of stability is 
reached in accordance with the classical small- 
deflection theory, or even according to a large- 
deflection theory, is properly called a critical load. 
Common sense requires that the load at which a 
column or a thin-walled cylinder buckles suddenly 
in a loading process should be designated as the 
buckling load.” 


MEASURING FINE TEMPERATURE 
CHANGES 


PROVISION OF A CONSTANT THERMAL DATUM 
FOR THERMOCOUPLES 


By L. G. A. Sims, D.Sc., M.1.E.E.* 


It is traditionally considered difficult to attain 
high accuracy in thermal measurements of the 
calorimeter type. For example, Sir Charles 
Darwin, F.R.S., writing quite recently in a 
memorandum to a Royal Society publication,+ 
stated that “‘ most calorimetric work has no very 
high accuracy.” Again, to take an earlier 
example, namely that of the long history of the 
accurate determination of J, whole researches 
have had to be discarded because of uncertainty 
regarding their thermometry. Joule himself was 
disbelieved for many years upon similar grounds; 
but it is probable that some of the traditional 
sources of inaccuracy can now be removed. 

It is well to consider anew the calibration of 
thermocouples and the provision of a very stable 
cold junction (or thermal datum) without which 
accuracy with the couple is impossible. For 
step-by-step calibration procedures, mercury-in- 
glass calorimeter thermometers to B.S.S.791 are 
now available, for 6 deg. C. temperature intervals 
(for example, 15 deg. to 21 deg., 18 deg. to 24 deg., 
and so on), over the range 9 deg. to 33 deg. C., 
graduated to 0-01 deg. C., and readable with a 
lens to a final count of 0-001 deg. C. The 


* University of Southampton. 
+ The Unit of Heat, issued by the Royal Society, 
October, 1950. 


Beckmann adjustable mercury thermometer is 
also graduated in 0-Ol-deg. steps; but the 
Beckmann is essentially a difference thermometer 
and is rather difficult to adjust. Both these 
types of thermometer contain a considerable 
volume of mercury and have therefore a high 
heat capacity and are bulky. Nevertheless, they 
are entirely suited to accurate point-by-point 
thermocouple calibrations in, for instance, 
slowly cooling oil where their bulk and heat 
capacity are not disadvantageous. 
Thermocouples are then often calibrated in 
terms of thermal e.m.f. and fractions of a degree 
Celsius against a Vernier-type direct-current 
potentiometer and a mercury-in-glass thermo- 
meter, preferably of the B.S.S. pattern mentioned 
above. A typical four-dial Vernier-type poten- 
tiometer has a lowest count of 0-1 microvolt, or 
about 0-0025 deg. C. temperature difference with 
a base-metal couple, but it is a high-resistance 
instrument and the galvanometer response may 
be poor at this low value of voltage unless an 
unusually sensitive galvanometer is employed. 
Furthermore, the Vernier potentiometer is really 
a meter-testing instrument with a full reading of 
1-8 volts, intended for use generally about the 
1-volt region and its circuit arrangements are not 
such as to exclude thermal e.m.f. due to friction 
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Two Forms of Triple-Point Water Cell — 

possibly the Ideal Cold-Junction Container for 

Thermocouples when a Constant-Temperature 

Datum of Great Accuracy and Stability over a 
Long Period is Required 


heating at its own contacts, which might be 
important at very low microvolt readings. 

The Diesselhorst potentiometer is really the 
correct instrument for use in calibrating thermo- 
couples. It has a top reading of 100 millivolts 
and the same lowest count as the four-dial 
Vernier potentiometer, namely, 0-1 microvolt, 
but it has the advantage of a very low resistance 
internal circuit, is very free from parasitic 
thermal e.m.f.’s and is specially designed for use 
with thermocouples. With a sensitive galvano- 
meter the lowest count of 0-1 microvolt can be 
further subdivided if desired by calibrating the 
galvanometer scale. If neither of these instru- 
ments is available the experimenter can, with 
some difficulty, devise other accurate means of 
calibrating thermocouples for small temperature 
changes, probably in the form of a sensitive 
reflecting galvanometer with its scale calibrated 
from a standard cell and standard megohm 
circuit. 

The lowest count of a reflecting coil galvano- 
meter of suitable resistance for working directly 
with a thermocouple in “ static ” calibrations will 
be of the order 10 mm. per microvolt at 
2 metres, or of the order 0-0025 deg. C. per 
millimetre with a base-metal couple. With such 
a method amplification may be required. 
Where a steady or a slowly changing thermal 
e.m.f. is concerned, stable direct-current ampli- 
fication is avai'able, either by magnetic or by 
thermionic amplifiers. The lowest permissible 
input level is fixed by the noise level of the 
amplifier and this, in the case of a very sensitive 
amplifier, is of the order 0-25 microvolt, or about 
‘0-006 deg. C. with a base-metal couple ; but if 
a chopper amplifier is introduced, it is claimed 
that 0-01 microvolt can be handled, or 
0-00025 deg. C. 

For fine temperature-change readings at high 
accuracy, the cold junction or temperature-datum 
element should be closely at the same temperature 
as the hot junction to eliminate temperature 
gradients in the connecting wires, the metal of 
which may be sufficiently non-homogeneous to 
set up thermal e.m.f. changes of the same order 
as that being measured. For the same reason, 
the wires should preferably be screened from air 
currents and otherwise kept at a constant tempera- 
ture. With these precautions, however, base- 
metal couples are probably capable of reproduc- 
ing absolute temperatures reliably to 0-01 deg. C., 


or temperature differences reliably to 0-0001 
deg. C., depending upon how great is the gradient 
between hot and cold junctions. This assumes 
a perfectly constant cold junction. 


COLD JUNCTION OR THERMAL 
DATUM 


In thermocouple measurements, it is usual to 
employ melting ice in a vacuum flask as a cold 
junction and this technique is capable of great 
temperature constancy but it should be applied 
with due regard to the fact that the ice point 
absolute temperature may vary if precautions 
are not taken ; also the use of the ice point as a 
datum means, in general, a considerable tempera- 
ture gradient along the couple wires. Further, 
the ice point changes by 0-001 deg. C. per 
10 mm. change in barometric height and by 
about 0-002 deg. C. as between saturated and 
air-free ice. The ice point also changes by about 
0-001 deg. C. per 6 in. of immersion in melting 
ice due to change of hydrostatic pressure. 

The most satisfactory cold junction for short 
periods of time, and particularly when two or 
more cold junctions are involved, is probably 
the high-conductivity high thermal inertia unit 
in the form of stirred oil in a vacuum vessel, or 
better in the form of a copper or other metal mass 
monitored by a 0-01 deg. C. mercury-in-glass 
thermometer (sensitive in the final count to 
0-001 deg. C., as mentioned above) observed 
preferably through a vertically-travelling micro- 
scope. The oil or the metal block should be in 
the vicinity of the test object for five or six hours, 
preferably overnight, so as to attain the same 
temperature as the test object. They can then 
be vacuum enclosed to assist in maintaining 
that temperature during the test. For example, 
a copper-block cold junction has been used in 
the highest grade metrology of engineering 
gauges. With this apparatus measurements of 
0-000,001 in. in 1 ft. are achieved, or 0-002 
deg. C. Without knowledge of this, for some 
time past we have been devising and con- 
structing a similar though more massive copper 
unit. 

A possible thermal datum of much interest 
is the triple-point water cell, for which a long- 
period absolute temperature value of better than 
0-01 deg. C. + 0-0001 deg. C. is claimed by the 
National Physical Laboratory and also by the 
National Bureau of Standards.* Moser, at 
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the Berlin Physical Laboratory, found the tri) le- 
point water cell to be constant to 0-000,05 deg. C. 

These cells, which are robust, are of giass 
about 30 cm. long and 4 to 7 cm. in diame er, 
with a re-entrant glass tube well to take a mercury- 
in-glass thermometer, but which could also tike 
one or more cold junctions. The gencral 
arrangement of two forms of the triple-pcint 
cell is shown in the accompanying sketch. ‘The 
cells contain no air but only pure water, ice and 
water vapour, and because the equilibrium vapour 
pressure is only 44 mm. Hg, the temperature 
is that of melting ice under about 1 atmosphere 
less pressure than the usual ice pot. This 
accounts for about + 0-0075 deg. C. difference 
from 0 deg. C., the total difference being 
0-01 deg. C. (the remaining 0-0025 deg. is said to 
be due to air in the ice of the ice-point vessel), 

The cell is itself immersed in an ice-point 
cabinet and it is difficult to imagine a better form 
of cold-junction container than such a cell 
where only extreme constancy of temperature is 
concerned. For measurements in the region of 
the ambient laboratory temperature, however, 
there would still be the great difficulty of some 
20 deg. C. temperature gradient along the couple 
wires, together with an unwanted standing thermal 
e.m.f. of about 800 microvolts. 

Present investigations with which the author 
is concerned conveniently employ thermocouples, 
and since the properties under investigation vary 
appreciably with temperature, it is desirable to 
measure them using small temperature differences 
and it is preferred to aim first at the smallest 
feasible values. It is felt that study of the 
matter upon the above lines leads to the conclu- 
sion that accuracy might be achieved on 
0-01 deg. C. measurements to approximately 
1 per cent., but this demands a thermal datum 
constant for several minutes to approximately 
0-0001 deg. C., and represents about the limit 
of performance of a base-metal couple or a cold 
junction. On the other hand, it may be fairly 
stated that this degree of sensitivity, contributes 
to high accuracy in calorimetry. 


* See ‘‘The International Temperature Scale of 
1948,”’ D.S.I.R. publication. Additional references 
to the subject of this article are: ‘‘ Discussion upon 
Temperature Measurement,”’ Institution of Electrical 
Engineers (1950). ‘‘Some Experiments with Pure- 
Metal Resistance Standards,’ and ‘‘ Productivity 
of the Ice Point,’’ both by J. L. Thomas, Bureau of 
Standards Journal of Research, vol. 12 (1934). 


SINTERING OF IRON ORE 


Immediately after the Autumn General Meeting 
of the Iron and Steel Institute, which took place 
in London on November 24 and 25, a Symposium 
on Sinter was held on the afternoon of 
November 25 and during the whole of Novem- 
ber 26. The President of the Institute, Mr. 
James Mitchell, C.B.E., occupied the chair. 
At the first session five papers were discussed 
jointly after presentation by their authors. They 
were “* Sintering as a Physical Process,” by Dr. 
H. B. Wendeborn; ‘* The Mechanism of Reduc- 
tion of Iron Oxides,” by Mr. J. O. Edstrém; 
“* The Softening of Iron Ores at High Tempera- 
tures,” by Mr. A. Grieve; ‘“‘ The Chemical 
Constitution of Sinters,” by Dr. R. Wild; and 
“* Radiographic Studies of the Process of Sinter- 
ing of Iron Ores,” by Mr. E. Cohen. 


ABSTRACTS OF PAPERS 
In the first paper on “‘ Sintering as a Physical 
Process,” the author, Dr. H. B. Wendeborn, of 
Frankfort-on-the-Main, Germany, stated that, 
in the course of sintering, the ores were succes- 
sively exposed to different temperatures, so that 
a sintering charge was divided into a number of 


parallel zones, called ‘‘ differential layers,” each 
of which had a different temperature. The 
travelling speeds of these temperature zones 
within the charge were a function of the fuel 
content and grain size, the reaction work to be 
performed, the gas resistance of the ore at the 
different temperatures, and the speed of the air 


flow through the charge. The temperatures 
created during sintering were an integral function 
of the heating sequence in the charge strata, 
during which the addition of the heat of com- 
bustion in the upper strata to that in the lower 
strata caused a typical heat accumulation. The 
function of the air current was therefore mainly 
that of a heat-conveying medium; part only of 
the air current effected, in addition, an intensified 
combustion of the preheated fuel. Measuring 
and plotting, against time, the instantaneous 
values of the waste-gas temperature (and espect 
ally the temperature at a point within the charge) 
offered a convenient way of observing the beha- 
viour of the ores, as well as the efficacy of the 
measures taken, and was also useful for checking 
the thermal intensity of the process. j 
The second paper, entitled “‘ The Mec! anism 
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of Reduction of Iron Oxides,” was by Mr. J. O. 
Edstrom, of Stockholm. He stated that he 
had studied the reduction of pure, natural 
hematite and magnetite crystals by hydrogen 
and carbon monoxide, mainly with the aid of the 
microscope. The low strength of pure hematite 
ores and of well-oxidised, burnt, rich-ore pellets 
during reduction with carbon monoxide was due 
to the formation of pores, accompanied by a 
considerable expansion and a disintegration of the 
structure. The minimum reaction velocity above 
600 deg. C., when Fe,O, and Fe,O, were reduced 
by hydrogen, was associated with the appearance 
of dense continuous layers of wiistite—an iron- 
oxygen constituent unstable below 570 deg. C., 
when it decomposed eutectoidally into «-Fe and 
Fe,O,. 

The third paper, ‘‘ Softening of Iron Ores at 
High Temperatures, was by Mr. A. Grieve, of 
the B.I.S.R.A. blast-furnace research laboratory, 
Imperial College, London. The author stated 
that an apparatus had been constructed to study 
the softening behaviour of iron ore at tempera- 
tures up to 1,480 deg. C. This had enabled 
the softening behaviour of any ore or agglo- 
morate to be determined under different con- 
ditions of reduction and loading. The softening 
temperature and range had been related to the 
amount and composition of the gangue and to 
the ferrous oxide content. The combined 
presence of silica and ferrous oxide led to fayalite 
formation and rapid softening. The degree of 
reduction beyond the magnetite stage (11-1 per 
cent.) had a major influence on the softening 
rate, with a pronounced maximum between 
20 per cent. and 30 per cent. reduction. For a 
given percentage reduction, the softening rate 
was greatest for a homogeneously-reduced ore. 
The effect of load in the range studied (6:1 Ib. to 
10-6 1b. per square inch) was slight. The possible 
harmful effects of softening would be minimised 
under the following conditions of working: 
(a) Indirect reduction of the ore in the stack 
beyond the critical reduction of 20 to 30 per cent. 
(b) The use of a mixed bu.den so that softening 
occupied a greater temperature range. (c) The 
operation of the furnace up the walls rather than 
up the centre, so as to avoid scaffold and arch 
formation in the stack. 

The fourth paper dealt with ‘“‘ The Chemical 
Constitution of Sinters”’ and was by Dr. R. 
Wild, who stated that the chemical constitution 
of a number of commercial sinters and of sinters 
produced in the B.I.S.R.A. experimental sinter 
box, from both lean and rich ores, had been 
found by X-ray powder diffraction photography. 
The strength of the sinters from lean ores 
decreased with increasing ferric oxide content and 
increased with increasing ferrous silicate content. 
The reducibility of these sinters decreased as their 
strength increased. It was very small when an 
appreciable quantity of silicate was present. 
Reasonable strength was not attained with 
sinters made from home ores unless some silicate 
were present, which suggested that the silicate 
played an important part in the bonding. With 
sinters made from rich ores the strength was 
independent of the ferric oxide content and a 
sinter of reasonable strength could be obtained 
without the presence of any detectable amount of 
silicate. The presence of appreciable silicate in 
the sinter, however, did give added strength. 
Nevertheless, the greatest reducibility was found 
Where the ferric oxide content was greatest. 

“Radiographic Studies of the Process of 
Sinter' ng Iron Ores” was the title of the fifth 
Paper ; it was by Mr. E. Cohen and was sub- 
mittec oy the B.I.S.R.A. Sintering Sub-Committee. 

© cuthor stated that he had used micro- 
Tadiog:aphs to study sinters and that four 
tentat'v2 conclusions could be drawn from his 
Work. The first was that the presence of lime in 


sinter mixtures which contained no free silica 
would prevent the formation of fayalite and other 
iron silicates. Secondly, if the sinter mixture con- 
tained free silica, an addition of lime would 
prevent the formation of fayalite, but a mixed 
calcium-iron silicate was formed. Thirdly, the 
presence of lime usually resulted in the temporary 
or permanent formation of monocalcium ferrite in 
the sinter. The formation of this mineral and 
the suppression of iron silicates appeared to be 
closely connected. Fourthly, the addition of 
lime to “ difficult’? sinter mixtures was more 
beneficial than further additions of fuel, because 
lime speeded up the process, whereas more fuel 
merely raised the peak temperature reached by 
the sinter. The fuel content should always be 
kept to the minimum that would produce 
sufficient bonding slag. 


DISCUSSION 


Mr. R. F. Jennings, who opened the discussion, 
said that the value of returned fines as a means of 
diluting the chemistry of sintering when strong 
endothermic reactions were a part of the process 
was a most interesting point. It added yet 
another argument in favour of using a high 
proportion of the returned fines with British 
home ores. The marked effect of lime addition 
to a siliceous ore in reducing the sintering time 
still seemed difficult to understand. Dr. Wende- 
born’s argument that this was due to improved 
gas permeability in the sintering zone seemed to 
be insufficient to account for the very great 
improvement obtained by a 5 per cent. lime 
addition. Surely the lime allowed the flame 
front to advance more quickly by activating the 
ignition process in some way. 

Present sintering practice in this country had 
not generally reached the limiting gas speeds 
suggested by Dr. Wendeborn and suctions rarely 
reached the 1,000 mm. of water gauge which he 
considered the economic limit. If the permea- 
bility formula developed by Voice and his 
colleagues were used to predict the relation 
between suction and output, it would be seen 
that there was fairly close agreement between 
such calculated values and the output curves 
shown by Dr. Wendeborn. 

Mr. E. W. Voice said that Mr. Cohen’s results 
on the use of lime additions were very interesting 
because other work had shown that the additions 
of lime to certain ores had resulted in much 
quicker sintering. His observation that a mono- 
calcium-iron silicate was formed rather than 
fayalite was of importance in connection with 
reducibility considerations. It was well known 
that hematite was more readily reducible than 
magnetite. Some operators in this country had 
found little disadvantage from less reducible 
sinter—was this because any advantage from 
reducibility was offset by the disadvantage of 
reduced strength in the lower stack or bosh ? 
It might well be that this happened with the 
high furnaces in use in this country. Mr. 
Grieve had concluded that the harmful effects 
of softening might well be reduced by working 
the furnace up the walls rather than up the centre. 
To throw further light on so many points which 
had been raised, it was desirable to obtain much 
more information from actual furnaces con- 
cerning their modes of operation. Some work 
he had done some years before had convinced 
him that one furnace working on Northampton- 
shire ore did, in fact, operate up the centre for 
the first week or two after blowing in, but there- 
after it changed and continued to operate up 
the walls for the remainder of the campaign. 

Mr. Sven Fornander stated that, in Sweden, 
importance was attached to the results obtained 
by Mr. Edstrém. He had shown that, in the 
reduction of hematite, a porous FeO phase was 
obtained and that, in the reduction of magnetite, 
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a dense FeO phase was formed. He had also 
shown that the rate of reduction was highly 
dependent on the porosity of the FeO phase, the 
reduction rate being much higher the greater the 
porosity of the FeO phase. It was an old 
experience in Sweden that if it were desired to 
operate a blast furnace on a low coke rate the 
burden should consist of 100 per cent. sinter and, 
perhaps still more important, a sinter having a 
high degree of oxidation, namely, having a high 
content of Fe,O,. Later in this Symposium 
Mr. C. Danielsson would tell the meeting that he 
was operating his furnaces with coke rates of the 
order of 1,200 to 1,300 Ib. per net ton. 

Miss E. M. McBriar said that, at the Research 
and Development Department of the United 
Steel Companies, ironstone sinters produced 
from mixtures of Frodingham and Northampton- 
shire ores had been studied. These had been 
made on the Dwight-Lloyd strand at the Appleby- 
Frodingham works, and on a miniature sinter 
plant at the Swinden Laboratories. These ores 
were low-grade and contained a considerable 
amount of alumina. The non-ferrous consti- 
tuents combined to produce a silicate bond in 
the sinter which had a composition similar to 
that of the slag of the blast furnace. An average 
analysis of the silicate in their practice, con- 
sidering only the four main components, recal- 
culated to 100 per cent. was: 40 per cent. CaO, 
36 per cent. SiO,, 4 per cent. MgO and 20 per 
cent. Al,O,. 

Mr. J. Astier referred briefly to two points. 
First, with regard to the softening of iron in 
sintering, some tests had been made in France 
on the softening of sinters made from Minette 
ore; and he stated that it had been found that, 
generally speaking, there was a beginning of 
softening for every type of sinter between 
900 deg. C. and 1,000 deg. C. Secondly, with 
regard to the relationship between the degree of 
oxidation of the sinter and the properties of the 
sinter, especially in the blast furnace, it had always 
been found with Minette ore that there was a 
direct linear relationship between the porosity 
of the sinter and the degree of oxidation. 

Dr. B. G. Baldwin said that anyone who was 
familiar with the reduction of iron-bearing 
materials would know of the vast amount of 
work which had been published. The majority 
of this work had been carried out on the reduc- 
tion of iron ores, of varying purity, and it was 
important to carry out experiments on pure 
materials if the purpose of the investigation were 
to study the mechanism of the reduction of iron 
oxides, and this Mr. Edstr6m had done by using 
single crystals of magnetite and hematite. In 
his (Dr. Baldwin’s) opinion, it was not correct, 
when comparing the reduction of a hematite 
and a magnetite, to express both results on the 
same graph of percentage reduction against time, 
since, compared with the hematite, the magnetite 
was already il per cent. reduced. He also 
thought that a somewhat clearer picture of the 
way in which the reduction proceeded was given 
if the results were expressed in the form of a 
graph of the rate of removal of oxygen per 
minute, against total oxygen removed, for a 
standard weight of material. The strength of 
pellets containing 0-5 per cent. of lime had been 
found to be greater than that of those without 
lime, and the possibility that the increase in 
strength was due to the presence of calcium 
ferrite was made. 

Mr. A. Grieve said that in Dr. Wild’s paper 
the presence of quite large amounts of calcium 
ferrous silicate (iron monticellite) was reported 
in certain home-ore sinters. Experiments on 
the rate of reduction of this and related com- 
pounds had been made at the Imperial College. 
When mixtures of equal amounts of lime and 
fayalite were rapidly heated with carbon to tem- 
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peratures above about 1,175 deg. C., there was 
an initially-high reduction speed, after which the 
rate fell off to a very low value even above 
1,300 deg. C. Under these conditions the lime 
displaced half the ferrous oxide in the fayalite 
at the expense of fixing the remainder as iron 
monticellite, which was much less reducible 
than fayalite itself. Similar results were obtained 
using mixtures of lime, ferrous oxide and silica 
in place of lime and fayalite. 

Dr. H. B. Wendeborn replied briefly to some of 
the points raised on his paper. Mr. J. O. 
Edstrém, who also replied, said that he had been 
asked whether he had seen any cubic or other 
intermediate structure when oxidising magnetite 
to hematite. He had only oxidised it at high 
temperatures, about 1,100 deg. C., but he had 
seen in other papers on this subject that cubic 
hematite did not form above 500 deg. C. 

Mr. A. Grieve, in his reply, agreed with Mr. 
Voice that more knowledge was needed before 
it was possible to be dogmatic concerning the 
effects of the softening of ores in furnace opera- 
tion, and this knowledge could certainly only be 
obtained by much extended furnace exploration 
techniques. With regard to the absence of 
softening problems with high sinter burdens, this 
was probably due to its very sharp and very low 
melting range. With regard to the softening of 
Minette ore, he found it difficult to see how true 
softening could occur at temperatures as low as 
900 deg. C.—at least, supposing that softening 
entailed the formation of an incipient molten 
phase. At these low temperatures, with the 
leaner home ores considerable shrinkage might 
occur, but this was always followed by a levelling 
out before true softening began. In his reply, 
Dr. R. Wild said that one point with which he 
might perhaps deal in a little more detail was the 
question of iron monticellite found in consider- 
able quantity in the sinters made from Northamp- 
tonshire ore. A considerable amount of work 
had been done on the calcium ferro-silicates and 
calcium silicates in the laboratories at South 
Kensinton since the publication of his paper, 
and it had been found that iron monticellite was 
probably a compound under the prevailing condi- 
tions of temperature. 

Mr. E. Cohen, in the course of his reply, said 
that the alumina which occurred abundantly in 
some of the home-ore sinters was an important 
constituent and formed various crystalline 
phases, but it seemed that alumina was a very 
passive partner in the sintering process and there 
was no evidence that alumina had a distinct 
influence on the process of sintering. If it went 
into the melt and that melt reached equilibrium, 
then appropriate constituents would form, but 
the presence or absence of a certain percentage 
of alumina did not seem to have any great effect 
on the process of sintering as such. The effect 
of lime in sintering was not quite clear. It 
might be that, provided no free silica were 
present in the sinter, lime produced a solid and 
stable phase during the heating up of the sinter 
mixture at a temperature when that mixture 
would otherwise be fluid and dense—i.e., above 
1,100 deg. C. and below 1,210 deg. C. In this 
stable phase the monocalcium-ferrite was quite 
stable, and the increased permeability of the 
sinter bed might be partly due to the presence of 
this solid phase in the place of the liquid slag 
which would prevent the passage of gases. On 
the other hand, in instances in which free silica 
was present in the sinter mixture, this effect of 
lime had not been shown, and the presence of 
monocalcium-ferrite had not been found. It 
did seem that the free silica prevented the forma- 
tion of monocalcium ferrite during the heating 
up of the sinter. 


To be continued 
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TEST AND RESEARCH RIGS 


APPLICATIONS TO AIRCRAFT 
EQUIPMENT 


A= from a description of a method of hard anodising light alloys (to produce 
a good wearing surface suitable for journals), this article deals with a number of 
test and research rigs which are used by Dowty Equipment, Limited, Cheltenham. 
Investigations are carried out on fluids, synthetic rubbers, and metals, as well as on 
components such as pumps, jacks, valves, hydraulic pit props, aircraft undercarriages, 


and aircraft hydraulic systems. 


The rapid developments in undercarriage design 


which have taken place since the war, combined with the effects of the widening 
temperature range which high-speed aircraft have to withstand, have led the firm to 


employ the rigs described here. 


The tests cover static and dynamic strength, wearing 


qualities, correct functioning and endurance, and causes of service failures. 


STATIC STRENGTH TESTING 


For checking the static strength of test-pieces, 
castings, forgings and complete assemblies, there 
are four hydraulic structural test machines: a 
30-ton Avery universal machine for test bars and 
small components ; a second 30-ton adjustable 
machine for larger components, extending up to 
the ceiling of the test house and controlled 
from the same control cabinet as the universal 
machine; and 20-ton and 100-ton compressive 
frames both of which have been constructed by 
the Dowty company to suit their own testing 
requirements. 

Hydraulic pit props, as well as undercarriage 
components, are tested in the 100-ton test frame, 
which is designed to take components of large 
dimensions. The applied load is determined 
either by measuring the hydraulic pressure on the 
ram, or by an extensometer which measures the 
extension of the vertical tie-bar of the frame under 
the load transmitted by the top cross-member. 
A conventional Martens mirror extensometer is 
used for this purpose. A strain-gauge terminal 
box, with provision for plugging in up to 50 
resistance-wire strain-gauge leads is mounted on 
the frame and is wired permanently to the strain- 
gauge control room, which houses the bridge 


circuits, 
indicator. 

In addition to tests on synthetic-rubber seals 
and their behaviour in the presence of hydraulic 
fluids and lubricants, routine determinations of 
the properties of the various oils and fluids and 
metallurgical examinations on failed parts are 
carried out in the laboratory, which also controls 
the composition of the plating and heat-treatment 
baths used in the factory. One of the most use- 
ful pieces of apparatus in the laboratory is 4 
Watson projection microscope with a camera 
attachment. Among its more unusual applica- 
tions is the routine testing of brass-plated gudgeon 
pins employed in Meteor undercarriages, to 
check the adhesion, porosity and thickness of the 
plating. 


selection switch and galvanometer 


HARD ANODISING OF LIGHT 
ALLOYS 


In the laboratory, work on new chemical 
processes for the company’s products is also 
carried out. During the last few years the 
department have successfully developed a hard 
anodising process for light alloys, and in adcition 
to a pilot plant in the test house, a smal! pro- 
duction plant has now been installed in another 
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works. Although the hard anodising process 
does not produce such a good sealing surface as 
chromium plating, and will not withstand point 
loading, it can be polished to give an excellent 
journal surface with hard-wearing and anti- 
corrosive qualities, and is used, for example, on 
the company’s Hydel valve faces and also in the 
sliding tube of the Avro Vulcan shock-absorber 
leg. The hard-anodising process produces a 
film thickness up to 0-004 in. (in comparison 
with about 0-0002 in. by normal anodic treat- 
ment) of which about 0-0022 in. extends into 
the pores of the metal, and about 0-0018 in. is 
built up above the metal surfaces. This build-up 
can be usefully applied in salvaging operations 
on worn or badly fitting parts. 

The hard-anodising process consists, briefly, 
in an anodic treatment in a sulphuric-acid bath 
at a temperature between 0 and 2 deg. C., at 
a constant current of 2-5 amperes per square 
decimetre for 1 to 14 hours. As the anodic film 
builds up, the electrical resistance increases, and 
therefore the voltage has to be progressively 
raised from about 20 volts initially up to 60-80 
volts, depending on the desired thickness. When 
the latter has been attained, the surface of the 
porous anodic film is sealed by soaking for 
5 to 10 minutes in nearly-boiling water or in 
hot wax. The sealed coating forms quite an 
effective electrical insulation. 


EXTREME-TEMPERATURE TESTS 


One section of the test house is devoted to 
testing components of hydraulic systems, and to 
establishing satisfactory lives for the synthetic- 
rubber seals and glands employed in them. In 
the case of aircraft hydraulic systems, these seals 
have to withstand temperatures which may range 
between —50 deg. to +80 deg. C., and in the 
near future with supersonic aircraft this range is 
likely to be extended up to + 150 deg. C. For 
testing fluids, seals and small components at high 
temperatures, an oven provides for temperatures 
up to 300 deg. C. The test house is also equipped 
with a refrigerator which enables functioning 
tests to be carried out at temperatures down to 
—54 deg. C., employing Freon 12 as the refriger- 
ant. It is possible to lower the temperature of 
the cold chamber still further down to —60 deg. 
C., by inserting trays of solid carbon dioxide. 
There is provision for mounting a hydraulic 
pump and reservoir within the cold chamber, the 
drive being through a layshaft passing through 





Fig. » ‘‘See-Saw” Rig for Endurance Tests 


On 1: draulic Jacks. Fluid is pumped into one 

While Fluid from the other, which acts as a 

Loadi : Medium, passes out through an Adjust- 
able Relief Valve. 


Fig. 3 12-Ton Hydraulic Press fitted with 

Reversing Mechanism for Testing Shock Ab- 

sorbers. The Test Cycle is Repeated Auto- 
matically. 


a sleeve in the refrigerator wall. This avoids 
introducing hydraulic fluid at ambient tempera- 
ture into the cold chamber, and also serves for 
testing the operation of the pump itself at low 
temperature. 


** SEE-SAW ”. RIG FOR HYDRAULIC 
JACKS 


Special rigs are provided for life-testing pumps, 
jacks and complete’ shock-absorber legs. 
There are two hydraulic pump test-beds, one of 
which provides a variable-speed drive from 
350 r.p.m. to 4,000 r.p.m., the other, driven by 
a reversible motor with a four-speed gearbox, at 
speeds ranging from 775 r.p.m. to 2,940 r.p.m. 
The “‘ see-saw ”’ rig illustrated in Fig. 2 is used 
for endurance tests on hydraulic jacks ; one jack 
is actuated by a Dowty “ Live-Line ’’ pump, and 
the other jack forms a hydraulic loading medium, 
discharging through a relief valve which can be 
adjusted to give any desired line pressure up to 
4,000 lb. per square inch. At the end of the 
stroke, a micro-switch operates a reversing valve 
in the actuating circuit and reverses the flow 
direction to the driving gear. On its return 
stroke, oil is drawn into the driven jack through 
non-return valves. This rig can be accom- 
modated in the refrigerator for low-temperature 
investigations. In an older jack-testing rig, 
driving and driven jacks are horizontally opposed, 
and the reversing valve is mechanically actuated. 


RECIPROCATING TESTS 


In the early development of new components 
and sealing materials, it is often necessary to 
prove them in long-term endurance tests extend- 
ing over a million or more operating cycles. To 
facilitate such tests, an accelerated ‘‘ push-pull ” 
machine illustrated in Fig. 1 has been constructed, 
enabling 100, 250 or 300 cycles per minute to be 
performed. The reciprocating head is actuated 
by a variable eccentric with a stroke range from 
0-1 in. to 2-5 in., driven by an electric motor 





19 


through a reduction gear and a three-speed 
automobile gearbox, the component under test 
being hydraulically loaded under a pressure of 
4,000 Ib. per square inch. All the life-testing 
rigs are equipped with counters automatically 
recording the number of cycles performed. 


HYDRAULIC PRESS WITH REVERSING 
MECHANISM 


Much of the early work done on the liquid- 
spring shock absorber, a description of which was 
given on page 28° of our 164th volume (1947), 
was carried out on two hydraulic presses, of 
12 tons and 100 tons capacity, respectively, with 
automatic cycling equipment. Complete liquid- 
spring shock-absorber units are tested on these 
machines to determine the wearing qualities of 
the piston rods and the life of the cylinders and 
glands. 

The 12-ton press, of the Drummond Electraulic 
type, is illustrated in Fig. 3. The automatic 
reversing mechanism, which can be seen at the 
base of the press, was designed and fitted by 
Dowty Equipment, Limited, and consists of a 
mechanical tripping device operated by a spring- 
loaded plunger when the ram pressure reaches 
a preselected value. The pressure at which the 
changeover valve is actuated can be adjusted by 
varying the spring load ; the ram stroke varies 
accordingly to a maximum of about 12 in. 
The reversing mechanism incorporates an over- 
load device which cuts off the electric power 
driving the hydraulic pump. In the 100-ton 
Daniel press, the reversal of the ram is controlled 
electrically by an adjustable pressure switch. 

Other equipment in the hydraulic section of the 
test-house includes a rig constructed originally 
for the functional testing of air compressors, but 
now used mainly for testing air valves and small 
pneumatic components. It is equipped with 
pressure gauges, a Rotameter flow meter and a 
12-point Nottingham temperature recorder. For 
measuring very small air flow rates, down to 
0-01 cub. ft. per minute, equipment similar in 
principle to a gas-holder is used. A counter- 
balanced cylinder floating in a cylindrical con- 
tainer is displaced by the incoming gas, the 





Fig. 4 Machine for Assessing Frictional Be- 
haviour of Two Materials which are in Rubbing 
Contact and Immersed in a Fluid. The Vertical 


Bar is made of one Material. Two V-Blocks 

with Inserts of the other Material are Pressed 

against it by Weighted Bell-Cranks. The As- 
sembly is Immersed in the chosen Fluid. 








Fig. 5 Double Rig for Drop Tests of Aircraft Undercarriages 


amount of its displacement being indicated by a 
geared pointer on a dial gauge, and the pointer 
movement being timed by stop watch. 


MEASURING DIFFERENTIAL PRESSURES 


For calibrating the resistance of pipe-lines, a 
differential pressure gauge is employed con- 
sisting of a double-ended piston which moves in 
response to the pressure drop in the length of 
pipe-line under test. The out-of-balance force 
on the piston is balanced by a steelyard, enabling 
differential pressures from | Ib. to 300 lb. per 
square inch to be measured under an overall 
pressure of 2,500 Ib. per square inch. Provision 
is made for recording the differential pressure, 
the overall pressure and the temperatures at 
the inlet and outlet to the test length of pipe. 
The rate of flow can be determined from the 
amount of oil delivered over a preselected time 
interval. The rig is supplied by a controlled- 
delivery Live-Line pump delivering up to 8 gallons 
per minute. To avoid the use of T-pieces for 
tapping the pressure from the test length to the 
gauge, which would introduce turbulence and 
result in a false indication, at the start and finish 
to the test length the piping is drilled with four 
small holes which are surrounded by a muff 
from which a branch pipe leads to each side of 
the piston, thereby transmitting the true static 
inlet and outlet pressures. 


FRICTIONAL BEHAVIOUR OF TWO 
MATERIALS IMMERSED IN A FLUID 


A recent addition to the hydraulic test equip- 
ment is the small friction-test machine illustrated 
in Fig. 4, which has proved to be valuable in 
the early stages of development work in assessing 
the frictional behaviour of various combinations 
of material in various hydraulic fluids or fuels, 
and the effects of surface treatment and finish. 
A cylindrical bar specimen of one of the metals, 
arranged vertically, is driven at the appropriate 
rubbing speed by a variable-speed electric motor. 
Friction is applied by two stationary V-blocks in 
which are pressed inserts of the other metal 
to be tested, forming rubbing faces. The 
V-blocks, which are pivoted on bell cranks, are 
almost in line contact with the cylindrical speci- 


men; the actual width of contact is about 
0-01 in. The whole V-block and bar assembly 
is immersed in the test fluid. To provide the 
correct bearing pressure, the V-blocks are loaded 
by weights suspended on the bell cranks. 

Another small rig is used for checking that 
switches and similar components maintain correct 
contact under vibration. The switches, which 
are wired to indicator circuits, are mounted in a 
rectangular plate of light alloy which is sus- 
pended at each corner by springs. At its centre, 
the plate supports an out-of-balance mass which 
is rotated by a variable-speed electric motor at 
speeds up to 9,000 r.p.m. 

Large hydraulic test rigs are available outside 
the test-house for carrying out functioning and 
endurance tests on a complete aircraft hydraulic 
system, e.g., the undercarriage and its doors, the 
flaps and bomb-door circuits, etc., together with 
the pumps and accumulator, and ensuring that 
the various operations are carried out in their 
correct sequences and that no undesired inter- 
connections occur between individual circuits. 
In some cases, strain-gauge recordings are taken 
during the functioning tests. The pipe runs, 
so far as possible, are identical with those in the 
actual aircraft, and the external loads on the 
actuating jacks are simulated by springs or dead 
weights. In the case of the Avro Vulcan system 
which has recently been under test, the electrical 
load from the hydraulic services was considerable, 
and it was necessary to instal a local transformer 
station to provide power. 


TESTS OF UNDERCARRIAGES 


In order to ensure that the undercarriage 
provides the necessary energy absorption without 
exceeding the permissible ground reaction under 
the most severe combination of vertical, drag 
and side loads, “* drop ”’ tests of complete under- 
carriage units are carried out, during which 
measurements are taken of the total movement 
of the unit, the deflection of the shock absorber, 
the tyre deflection and the acceleration. The 
test department is equipped with four under- 
carriage drop-test rigs. The outdoor double rig 
illustrated in Fig. 5 is probably the largest test 
frame of its type that has yet been constructed. 
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In the centre can be seen the frame installed after 
the second World War for carrying out dro» 
tests on the undercarriage of the 130-ton Bristc| 
Brabazon air-liner. In 1950 this equipment wes 
extended to include the frame shown at the 
right, for testing landing gear of aircraft with 
all-up weights ranging from 80,000 Ib. to 
160,000 lb. The Comet and Vulcan under- 
carriages have been proved on this rig. 


The Brabazon test rig is of the swinging-frame 
type in which the undercarriage attachment 
brackets are secured to a moving vertical frame 
which is carried by two swinging parallel longi- 
tudinal arms, of triangular planform. The 
lower and upper arms are pivoted at their rear 
ends on 8-in. and 6-in. diameter pins which fit 
in phosphor-bronze bushes in a massive vertical 
fixed frame which takes the whole of the vertical 
reaction, amounting in the case of the Brabazon 
to a maximum of 100 tons. The rear frame is 
carried on a steel grillage, the main members of 
which are 15-in. by 6-in. rolled-steel joists 
17 ft. long secured by 1-in. foundation bolts 
3 ft. 6 in. long to a 1-in. plate embedded in a 
concrete foundation block 6 ft. deep. Spanning 
the moving parts of the frame are two Warren 
girders, supported on the rear frame and a lighter 
forward frame which is anchored by foundation 
bolts 2 ft. 9 in. long in mass concrete 5 ft. deep, 
extending over an area 14 ft. by 4 ft. The 
Warren girders carry cross-beams on which is 
mounted the hydraulic lifting gear for the moving 
frame. 

The moving frame, which is 5 ft. wide, is pro- 
vided with a platform to which can be added 
cast-iron masses, giving a range of falling weights 
from 20 to 40 tons. The rig is provided with 
access and loading galleries to enable these 
adjustments to be carried out. A _ reinforced 
concrete platform 4 ft. 6 in. thick, 15 ft. long and 
12 ft. wide, receives the undercarriage during 
the drop. It is surrounded by an anti-vibration 
fibre expansion joint. At the top end, the mov- 
ing frame is attached by a hydraulically-operated 
quick-release gear to the ram of a hydraulic 
cylinder which raises the moving frame in 
readiness for a drop test. The hydraulic 
cylinder is approximately 8 in. in diameter, and 
is operated at 3,000 lb. per square inch by a 
Dowty pump driven by a 7}3-h.p. motor. The 
cylinder is fitted with a hydraulic lock which 
enables the moving frame to be held while 
adjustments are made to the gear under test; 
the lock is released by a hydraulic hand-pump. 
The quick-release gear for the swinging frame 
consists of a hook, mounted on_ high-tensile 
steel rollers, and held by a toggle which is oper- 
ated by a hydraulic jack supplied by a hand- 
pump. Before the hook can be disengaged, a 
mechanical safety latch must be released, thus 
ensuring that the men on the hydraulic controls 
cannot operate the quick release inadvertently 
while others are still in the way of the swinging 
frame. 

The 80,000-lb./160,000-lb. rig employs an 
identical hydraulic cylinder and ram for lifting 
the moving frame, actuated by a hydraulic pump. 
The rear frame of the smaller rig was attached 
to that of the Brabazon frame above ground 
level, thus avoiding interference with the existing 
grillage, and the Warren girders were extended 
rearwards to accommodate the hydraulic jack. 
Both frames can be in use together, provided 
that the drops are not made simultaneously. 
Overhead gantry beams, provided with travelling 
hoists, span the length of the double rig. To 
relieve the load on the jacks and release mechan- 
isms, steel wire slings suspended from the jack- 
supporting cross-beams hold the moving frames 
in the raised position for long periods. 

To provide drag-load and side-load efi-:cts, 
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it the case of single-wheel undercarriage units, 
c ncrete wedges with the top surface at a suitable 
aigle are located below the moving frame. 
With multiple-wheel bogie under carriages simple 
wedges cannot be used; for reproducing side 
loads, a sliding wedge platform is used. A 
pair of upper moving wedges, carrying a hori- 
zontal table on which the “ landing” is made, 
slides on rollers on lower wedges mounted on a 
fixed table, the sliding and fixed wedges being 
linked together by springs. Drag loads are 
simulated by spinning up the wheels of the under- 
carriage backwards, to a peripheral speed of 
about 140 m.p.h., using an aluminium-alloy 
pulley inserted between the bogie wheel and 
driven by a 25-h.p. slip-ring motor at 2,940 r.p.m. 
The motor and pulley are mounted on a Lansing- 
Bagnall fork-lift truck so that they can be easily 
raised to any required height to spin up the 
wheels before the undercarriage is dropped. 
The wheels are overspeeded, the motors are 
withdrawn, the speed is checked by stroboscope, 
and at the desired speed the quick-release mechan- 
ism is actuated. 

Two smaller hydraulically-operated drop-test 
rigs are provided in the test-house. The larger 
of these, covering a falling-weight range from 
3,000 Ib. to 18,000 Ib., is of the swinging-frame 
type similar in principle to the large rigs already 
described. When necessary, the drop is “ as- 
sisted ’” by pulling down the frame with calibrated 
“Bungee ’’ cords (braided elastic cords). The 
smaller rig is of the guillotine type, i.e., it com- 
prises an upright frame, to which the under- 
carriage is attached, sliding between vertical 
columns. Two loading ranges are available from 
300 Ib. to 2,000 Ib., and from 2,000 Ib. to 8,000 Ib. 
In this rig, an aircraft bomb-release forms the 
quick-release mechanism. 

For recording the movements and accelera- 
tions occurring on impact during the drop test, 














This “Mobile Hoist has been designed to lift two 
Loa. -d Barrows and can be extended to a Height 
of 100 ft. 


two multi-channel Southern Instruments cathode- 
ray oscillographs, equipped for photographic 
recording, are employed. This equipment is 
also used in conjunction with pressure trans- 
ducers, in functional tests on pumps and other 
hydraulic gears. Displacements are measured 
by rheostats and potentiometers, and accelera- 
tions by capacity-type accelerometers. A mech- 
anism for recording accelerations is also fitted 
to the undercarriage. Dynamic strain gauging 
of various parts of the undercarriage is also 
carried out during the test. By means of a 
chopping switch it is possible to record up to 
seven strain-gauge readings on one cathode-ray 
tube. In spinning-up tests on multiple-wheel 
bogies, a high-speed cine camera, operating at 
120 frames per second, records the number of 
revolutions before the wheels come to rest on 
impact, from which it is possible to deduce the 
coefficient of friction. 

To check the behaviour of nose and tail wheels 
during taxying, a 30-h.p. Packard motor-car has 
been adapted to tow a trailer, by strengthening 
the springs, wheels and chassis. The trailer 
comprises a rigid frame to which is attached a 
parallel-motion swing frame, on which the nose 
or tail-wheel unit is mounted so that it can move 
up or down, but not sideways, relative to the 
frame. The trailer can be attached to out- 
riggers extending from the Packard chassis. 
By this means it is possible to check the behaviour 
of castoring wheels and to assess the wear and 
tear on the self-centering cams, the shock 
absorbers, and the tyres, over rough roads and 
fields. The trailer is equipped with a bar spring 
and hydraulic cylinder, communicating with a 
U-tube inside the car which indicates deflection 
of the spring, thus enabling the friction drag to 
be gauged. 
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MOBILE HOIST 


The hoist illustrated on this page has been 
designed so that it can be handled and operated 
by one man. It has a load capacity of 10 cwt. 
and is driven by a Petter 5-h.p. air-cooled Diesel 
engine or by a four-stroke petrol engine of the 
same power ; a smaller model is fitted with a 
Villiers Mk. 40 44-h.p. air-cooled petrol engine. 
For greater adaptability, the winch can be quickly 
removed from the mobile hoist for independent 
use. 

The all-welded framed tower can support 
two loaded barrows at its full height of 21 ft., the 
hoist being made stable by the four screw-jack 
feet fitted to the base frame. For low working 
headroom, the top half of the tower can be 
dismantled so that the hoist has a full lift of only 
11 ft. For higher lifts, the tower can be fitted 
with 11-ft. extensions, increasing the height up to 
100 ft. Safety devices are fitted to prevent over- 
winding. For manhandling the hoist from the 
horizontal into the upright position, or vice versa, 
the hoist has been balanced so that, with the rear 
jacks raised, one man is able to turn it about the 
segmental skids that can be seen at the back of 
the base frame. When lowered, the tower rests 
on a shock-absorbing saddle which helps to 
prevent the tower from being damaged. For 
transport on a lorry, the front feet can be folded 
under the chassis, and, on a short lorry, the 
tower can be divided. 

The hoist is made by A.C.E. Machinery, 
Limited, Porden-road, Brixton, London, S.W.2, 
and for shipping purposes it can be packed in 
two parts: a case, 7 ft. by 5 ft. 6 in. by 5 ft., 
of gross weight between 13 and 14 cwt. according 
to the model, and a crate, 13 ft. 6 in. by 2 ft. 7 in. 
by 1 ft. 9 in., weighing 4 cwt. 
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The Shock-Absorbing Metpak Unit : Eight Com- 
pression Springs between Two Pressed Plates 





An Outer Container fitted with Double Metpak 
Units to Receive an Inner Container 


PACKING DELICATE EQUIPMENT 
A Special Shock Absorber 


To protect expensive and delicate equipment from 
the shocks and jars of transport, it is necessary to 
provide some form of resilient packing. For 
this purpose, Brayhead Springs, Limited, Full 
View Works, Ascot, Berkshire, have developed a 
spring unit known as a Metpak. It consists of 
eight compression springs held between two 
plates, and may be used either singly or in tiers 
of two or three where heavier shocks are 
anticipated. 

The units are mounted inside the packing case 
as shown in the illustration, where they are used 
in pairs. The equipment they support can then 
either rest directly on them or be enclosed in a 
case which in turn rests on the units. It is 
stated that most electronic equipment can be 
rendered useless, either through actual damage or 
being put out of adjustment, by shocks having a 
force of 70g or over. A single Metpak unit 
will reduce the deceleration force of 10 lb. of 
equipment dropped from 54 in. to this value. 
As it is considered that a drop of more than 
24 in. is exceptional in this country, this would 
be adequate protection. Resonance is elimina- 
ted and the overall size of the packing case is 
minimised. 








The Graphite-Loaded Plastic Bearings in this 

Conveyor Roller do not Require Lubrication. 

The Roller itself is of Plastic Construction and 
is therefore Light in Weight. 


PLASTIC BEARINGS REQUIRING 
NO LUBRICATION 
A Fireproof Conveyor Roller 

The range of plastics now available has made 
possible the development of a conveyor roller 
constructed almost entirely of plastic materials. 
Known as the MacCarthy-White plastic conveyor 
roller, it has been designed primarily to eliminate 
the risk of fire in coal mines. 

Unlike existing types of steel and cast-iron 
rollers, the plastic roller does not require lubri- 
cation and, therefore, carries neither oil nor 
grease which could contribute to a fire. Further- 
more, the plastic materials themselves will not 
support combustion. It is not possible for any 
obstruction, such as a stone or piece of coal, to 
rub the surface of the roller until sufficient heat 
is generated to initiate a fire. The lightness of 
the plastic roller appreciably reduces the total 
weight of conveyor sections, The inertia of 
the rotating part is small, so easing starting, 
and wear on the belt due to intermittent contact 
with the roller is reduced. 

The MacCarthy-White roller, which is hollow, 
is constructed of an envelope of a plastic material 
reinforced with glass fibre, and having moulded- 
plastic end caps each housing a graphite-loaded 
plastic bearing and dust seal. It is made by the 
Mining Division of White’s Marine Engineering 
Company, Limited, Hebburn-on-Tyne. 
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SAVING TIME ON A MAIN 
ASSEMBLY LINE 


PRIOR WORK ON SUB-ASSEMBLIES 


The time taken for each stage of work on a main 
assembly line can be reduced to a minimum by 
preparing some of the sub-assemblies at places 
in the shop away from the main assembly line. 
These sub-assemblies can then be brought over 
at the appropriate times and fitted up very quickly. 
Interference with other work which may be 
proceeding is also minimised. 

At the Stockport factory of Mirrlees, Bickerton 
and Day, Limited, this principle has been applied 
successfully to the assembly of pistons, connecting 
rods and cylinder liners for the firm’s J-type 
V-form Diesel engines. These engines have a 
bore of 9? in. and a stroke of 104 in. 

When the engine is serviced in the field the 
pistons and connecting rods are removed and 
replaced through the crankcase doors of the 
cylinder housing. This manner of entry is too 
slow for assembly-line building; it also interferes 
with other fitting operations going on at the 
same time. Like most modern high-speed V-form 
engines, the Mirrlees J engine has large diameter 
crankpins, and the big-end of the short, stiff 
connecting rod will not pass through the cylinder 
liner. This fact prevents the fitting of the piston 
and rod assembly from the top of the cylinder 
housing when the liners are in place. An 
obvious development, therefore, was to fit up 
the piston, connecting rod and liner as one unit 
and to lower the unit, complete with sealing 
rings and gasket, into the housing from the top. 

The cylinder-assembly sets are made up at the 
specially-equipped sub-assembly point shown 
below, which produces them in engine sets of 
8, 12 or 16, according to the sizes of engines 
going through. As the largest JV engine has 
16 cylinders, the sub-assembly point has this 
number of floor-mounted fixtures, which make 
it easier to prepare the cylinder sets for pressure 
testing the cylinder housing. 

The gudgeon pin of the JV piston can be fitted 
only if the temperature of the piston is 150 deg. F. 
or more. The pin is not fully floating until the 


Circular Jig on which the Piston, Connecting Rod and Cylinder Liner are Pre-assembled. 
The Piston is Heated in an Oven to Ensure Clearance for the Gudgeon Pin. 


The Complete Piston, Connecting Rod and 
Cylinder Liner Assembly is Lowered without 
Delay into the Cylinder Housing 2 


piston temperature rises beyond this figure soon 
after the engine is started up. By this means the 
working clearances are held to a minimum, thus 
helping to reduce engine noise and shock loading 
on the piston. At the sub-assembly point, there- 
fore, the pistons are heated in a thermostatically- 
controlled electric oven until they are required on 
the assembly fixtures. By this time the connect- 
ing rods have been loaded into the fixtures which 
locate the rods at the top and bottom, as shown 
below. The fixture also locates the piston so that 
the gudgeon pin is easily fitted and secured by its 
circlips. The piston rings, already checked for 
gap clearance, are fitted on to the piston, which 
is then sprayed with a graphite-oil mixture to 
lubricate the moving parts during the first revolu- 
tions of the engine. 

Cylinder liners coming off a 1,500 lb. per square 
inch static pressure test are led to the assembly 
point along a roller track, and each has a smoothly 
chamfered cast-iron ring clamped to its lower end. 
This is for guiding the piston rings into the liner 
because at this stage a liner is lowered over each 
piston assembly. After this, the guide rings are 
dropped off the liner, which now rests on two spac- 
ing blocks located in the big-end bolt holes. 

The whole assembly is clamped together by 4 
circular plate fitted over the top end of the liner 
and pulled down by screwing four set-screws into 
corresponding holes provided for this purpose 
in the piston crown. The cylinder set is now 
complete except for two rubber water-sealing 
rings and a copper gasket, which are fitted to the 
liner after the assembly is lifted from the fixture. 

The sub-assembly point feeds directly on to 
the first station of the main assembly line, where 
the cylinder housing is fitted with cylinder-head 
studs tightened to a controlled torque by pneu- 
matic stud-driving equipment.. The cylinder 
banks of the JV engine housing lie at 22} deg. 
to the vertical, and a section of the assembly 
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track is made to swivel through this angle on 
eiti.er side of the horizontal, so that when the 
cyi nder assembly sets are ready to be lowered 
into the housing, as shown in the illustration 
the cylinder centre-lines can then be swung to 
the vertical position, thus ensuring easier and 
more certain fitting of the liner, its rubber sealing 
rings and copper gasket. 

As previously mentioned, the method of mak- 
ing up the cylinder assembly sets helps in the 
pressure testing of the cylinder-housing water 
jacket. The circular clamping plate on the top 


of the liner holds, on its underside, two rubber 
washers which blank off the water-outlet holes in 
the cylinder housing. When the cylinder sets are 
fitted into the housing, each assembly is held 
down by two swivelling claw clamps attached 
to the circular plate. With the water-outlet 
holes blanked off and the inlets fitted with 
quickly-clamped hose connections, the water 
jacket is proved with water at 60 Ib. per square 
inch. The cylinder housing is then moved to the 
next station, where the clamps, circular plate 
and spacing blocks are removed, 


ULTRA-SENSITIVE MECHANICAL 
COMPARATOR 


GRADUATIONS IN 0-000001 IN. 


A mechanically-operated comparator which has 
a magnification of 200,000 is undoubtedly an 
instrument for a standards room only, yet such 
an instrument is a production model from the 
range of ‘“‘ Mikrokators” made by C. E. 
Johansson, Limited, Southfields-road, Dunstable, 
Bedfordshire. 

Experimental models have been made to give 
direct magnifications of 500,000, and by using a 
light-beam indicator, 35 in. in length, stable 
amplifications of 12,000,000 to 1 have been 
achieved. Fig. 3, herewith, shows two standard 
instruments mounted on a common pillar for 
checking the dimensions of the outer race of a 
ball bearing. The sectional drawing, Fig. 2, 
shows the main features of the mechanism and 
Fig. 1 shows the ingenious magnifying mech- 
anism. A delicate metal strip is twisted in such 
a way that one half of its length forms a left- 
handed helix and the other half forms a right- 
handed helix. It is manufactured so that it 
remains in this state, with no tendency to go 
back to a flat condition so long as no force is 
applied to it. However, when one end is fixed 
and the other is pulled axially away from it, the 
centre of the strip untwists. It thus behaves like 
the loop of string with a button threaded on at 
the centre that boys play with: by pulling the 
ends of the loop or strip apart the centre in each 
case rotates many times, although the axial 
movement is small. 

Fig. 2 shows how the movement of the vertical 
plunger a (the measuring point at the bottom of 
which usually has a hardened ball fitted) is 
transmitted through a spring knee-lever b to the 
twisted strip. A spring controls the movement 
of the plunger. The relationship between the 
rotation of the needle which is fixed to the centre 
of the strip, the elongation of the strip, and the 
force producing that elongation depends on the 
physical dimensions of the strip, and the pro- 
perties of the material from which it is made. 
Sometimes the strip is perforated to give the 
required result and to prevent the material from 
being overstressed. 

In an instrument with a magnification of 5,200, 
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Fig.1 The Twisted Strip which Gives Very High 

Magn: ications of Movement. A Small Pull on 

One Fnd causes a Large Rotary Movement at 
t!e Centre where the Needle is Fixed. 


the strip used is 0-06 mm. by 0-0025 mm. and 
40 mm. long, without perforations, and is 
twisted 4,000 deg. (11 turns); the indicating 
needle is 30 mm. long. If the amplification ratio 
of a spring knee-lever is added to that of the 
strip, this magnification can be increased 10 
times. Higher magnifications are obtained by 
introducing an additional lever into the system, 
the lever being mounted on springs or on a spring 
cross. : 
With the strip mentioned above the force 
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Fig. 2 Vertical Section through Instrument 


23 





Fig. 3 Two Mikrokators for Checking Outer 
Race of Ball Bearing 


required to give a 90-deg. movement of the 
needle is about 0-3 grammes, but this can be 
reduced to 0-03 grammes by balancing the initial 
tension of the strip with a spring knee. The 
needle used as a pointer must be as light as 
possible, so that any jars which the instrument 
may receive shall not cause damage to the strip. 
Also, the lighter the needle, the lower will be the 
natural periodicity and the greater the damping 
effect of the air. Additional damping is pro- 
vided by arranging for the strip to rotate in a 
drop of oil contained in a shor‘ length of split 
tubing close to the pointer ; this nas been found 
to be very effective. The needle used in the 
Mikrokator instruments is made of tapered glass 
tubing. The dimensions vary, but average sizes 
are 0-0024 in. at the large end and 0-0012 in. at 
the tip. In order to make the pointer more easily 
visible, a tip of duralumin is fitted. Such a piece 
of glass has great flexibility and can withstand 
quite severe shocks ; it can be bent into a semi- 
circle of 3-in. radius and will return to its original 
form when released. 

A series of the instruments is made, the least 
sensitive having a measuring range of + 0-003 in. 
with graduations every 0-0001 in. and the most 
sensitive a range of + 0-0001 in., the graduations 
being 0-000002 in. Special Mikrokators have 
been made with a range of + 0-00002 in. and 
graduations for each 0-000001 in. The measuring 
pressure of the standard models is about 250 
grammes but this can be varied from 50 to 1,000 
grammes for special applications. Where the 
materials are soft or liable to be deformed, as in 
the case of thin wires, instruments have been 
made with a pressureaslowas 0-2 grammes. The 
standard measuring point is a 5-mm. Hultgren 
ball which 1s extremely hard, but tungsten 
carbide, diamond or other materials can be used 
if needed. Two adjustable tolerance pointers 
are mounted on the scale, coloured black to 
show clearly against the yellow background. 
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flywheel. Th -pini h h 
COLD FORGING OF COMPONENTS _ gees into a spur-wheel on the crankshaft, wh ch 
rotates at 40 r.p.m. Incorporated in the lat-er 


FROM WIRE AND STRIP gearwheel is one of the manufacturers’ stand: rd 


key clutches, which is not, however, arranged or 
single-stroking. 
AN ADAPTABLE GEARED PRESS Since the press is designed for continucus 
GEARED press made by Taylor and Challen, Limited, Derwent Works, Birmingham, running, the control of the clutch is by means of 
A 19, is capable of cold forging a wide variety of components from wire and strip. ? hand-lever, visible at the front of the main 


: ; : housing. To start the press, the hand-lever is 
It produces.40 pieces a minute and exerts a maximum pressure of 120 tons at the lifted, thus allowing the clutch key to engage. 


bottom of the stroke. The wire or strip is fed automatically from a coil-holder, each The control hand-lever is held in the running 
movement—and therefore each component—being any length up to 9 in. The position by a trip lever ; movement of this trip 
machine shown on this page has been installed at the works of Henry Squire and_ releases the control hand-lever, brings the cluich 
Sons, Limited, New Invention, Willenhall, Staffordshire, where it is used for forging ©4™ Plate out, and so withdraws the key. An 


: externally-contracting band brake is mounted on 
the components illustrated below. These are padlock hasps (top centre), the first |. pe Mg poe am, wi, a 


production stage of which it performs, and the two handles of the Squire patent control hand-lever, to bring the press quickly to 
can-opener, though of course the press can be fitted with dies and set up for any a stop when the clutch is disengaged. All 
shape within its scope. 

The padlock hasp is also shown in its straight 
form, in which it has two flattened portions, one 
at each end. The thicker of these is subsequently 
trimmed and pierced to enable it to pass into the 
lock body and there engage with the lock bolt, 
while the thinner end is subjected to a bending 
operation to form the hasp hinge. The hasp is 
then bent into its familiar U-shape. The Taylor 
and Challen press is used to produce, by cold 
forging, a flat of two thicknesses in a length of 
wire fed from a coil, and to shear the flattened 
portion approximately in the middle, so pro- 
ducing a straight component with a flat of the 
required size and thickness at each end, 
ready for subsequent trimming, piercing and 
bending. 

In the case of the can-opener handles, one is 
formed from strip, and the other from wire. That 
formed from wire (shown immediately below the 
can-opener) involves a fairly heavy cold-forging 
operation to produce a stepped flat, with two 
riveting stubs extruded from it. This shape is 
produced in the press in a single stroke, and 
separate tools in the same press then shear the 
component from the wire. The other can- 
opener handle, shown at the botiom of the 
picture, is formed from strip. It is given the 
form of a shallow channel along part of its 
length, for stiffening purposes, and simul- 
taneously letter stamps mounted in the tools mark 
the using instructions on one side of the handle, 
and the makers’ name and address on the other. 
The shearing of the component from the strip is 
done with a combination tool, which not only 
separates the component and trims the ends, but 
also pierces the two holes and the half-hole 


visible in the illustration, and forms the hook ‘The Wire or Strip is fed automatically from the Coil-Holder on the left. Rate of 


shape at the end. These are two of the operations ~pPyoduction is 40 pieces per minute, and a length of up to 9 in. can be Pressed at each 
for which the press was designed ; it is obvious Stroke 


that by the use of suitable tooling a large variety 
of components of a like nature can be made. 
CONTINUOUS FEED 


The work done by the press is very similar to 
that carried out in minting coins, and the press is, 


oe = 
RT rc ee 
in fact, based on the manufacturers’ coining press, * < 
the work of cold forging being performed by ae ee hy, 
toggle-operated tools. To allow for a continuous 








feed from a coil of wire or strip, the tools are 

overhung, instead of being within the frame, as 

is the case with a co.ning press, and a subsidiary 

slide is provided for shearing the components 

from the wire or strip after forming. The press 

is of heavy cast-iron construction, with two box- 

section sole-plates supporting the main frame, 

the outboard bearings for the crankshaft and ; 

electric motor, carried in the usual manner on 

slides behind the press, and running at 720 r.p.m., 

drives, through six rubber V-belts, a countershaft 

carrying a spur pinion. The V-belt pulley onthe Typical Cold Forged Components: Padlock Hasps (Top Right) and two Kiv:is of 
countershaft is cast with a heavy rim to act as a Handles for the Patent Can-Opener (Top Left) 
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norrial stopping and starting of the press is 
cont~olled by the hand-lever; an emergency 
stop push-button controlling the motor is 
provided for use in case of necessity. 


14 IN. STROKE OF MAIN SLIDE 


The crankshaft operates a short connecting 
rod, which in turn works the toggle lever con- 
trolling the main slide. The combination of 
gearing and toggle gives a pressure at the bottom 
of the stroke of 120 tons. The stroke of the 
main slide is 14 in., and the “ daylight ” can be 
adjusted by means of four screws mounted in 
the toggle tumbler and rotated simultaneously 
by a ratchet and hand-lever. An adjustment of 
hin. is obtainable in this way. The main slide is 
carried on V-guides, one of which is solid with 
the body of the press, while the other is adjust- 
able for wear by means of wedges. T-slots are 
provided for carrying the top tool in the main 
slide, and a machined ledge on the press body 
accommodates the bottom tool. In accordance 
with modern practice the main slide is counter- 
balanced by the helical spring visible at the top 
of the press body in the illustration, and the 
toggle lever is also counterbalanced by a second 
spring, which can be seen behind the main-slide 
spring. 

The subsidiary slide, used for shearing off 
components after forming, is towards the right- 
hand side of the machine in the illustration. It 
is operated by an eccentric on the crankshaft, 
which is connected to a crank at the bottom of 
the main frame, and gives the slide a stroke of 
iin. A right and left-hand screw with locking 
nuts, incorporated in the connection between the 
crank and the slide, enables the initial setting of 
the top tool to be made. The position of the 
top tool is also adjustable laterally, to cater for 
varying amounts of “‘ growth ”’ in the length of a 
component as it is formed by the main tools. 

The wire or strip is taken from a coil-holder, 
and is led through straightening rollers to a pair 
of positive feed grippers. Two sets of straight- 
ening rollers are provided, one with the spindles 
vertical and the other with the spindles horizontal. 


Each roller is individually adjustable by means 
of screws and lock-nuts, and cam-operated 
quick-release gear is provided on each set of 
rollers to enable the feeding of the end of a fresh 
coil of wire or strip to be carried out quickly. 
From the straightening rollers the wire or strip 
passes through a short guide and into the positive 
feed grippers, which are arranged to close, draw 
the wire or strip forward the correct distance, 
release it, and then return to the starting position 
while the press makes its working stroke. The 
grippers are reciprocated by a sliding link motion, 
which gives infinitely-variable adjustment of feed 
from zero to 9 in. To drive the link motion, a 
machine-cut bevel gear is mounted on the crank- 
shaft, and this engages with an identical gear of 
the shaft which carries the disc and roller for 
working in the slotted link. The bevel gears are 
totally enclosed. 

In operation the press works continuously at 
40 strokes per minute, the only stops being those 
to replace the coil of wire or strip, and these stops 
are of short duration. When a coil is practically 
exhausted, the press is stopped, and a small 
portable electric welding plant is used to join the 
end of a new coil to the end of the old one. The 
press is then re-started, and the operator watches 
the movement of the weld towards the tools. 
One component will be produced with the weld 
in some part of its length; it is this for which the 
operator watches after re-starting the press. It 
is caught as it leaves the discharge chute at 
the front of the press, and thrown aside for 
scrap. By the adoption of this method of 
feeding in the new coils of wire or strip, consider- 
able time is saved, and the total scrap produced 
is normally one component per coil of material. 

The press is provided with gun-metal liners 
to all bearings, and is lubricated by. a.Wakefield 
mechanical lubricator, mounted at the rear and 
chain driven from the crankshaft. The lubrica- 
tor is divided into two sections. One, the smaller 
of the two, provides special high-pressure oil for 
the steelings of the toggle mechanism; the other 
section provides normal lubricant for all the 
rotating parts. 


WINCH GEAR FOR CAR-FERRY 
BRIDGE SPANS 


AUTOMATIC CONTROL 


Two bridge spans which link the berthed car- 
ferries to the shore at Dover are hinged at the 
landward ends and are raised and lowered auto- 
matically at the seaward ends to suit the rise 
and fall of the vessels with the tide and with 
Variations in deck loading. 

The ferries are berthed with their sterns to the 
Portal structures, as shown in Fig. 1. One of 
the bridge spans can be seen in Fig. 2, which is a 
wew taken from the ferry. This picture also 
shows the short “ link-span”’ — hinged to the 
seawar'! end of the bridge, and resting on the 
deck cf the ferry — which is allowed to move 
freely ) the extent of 3 in. vertically at its deck 
end. ‘Vhen the movement exceeds 3 in., due to 
the eff >t of the tide or the loading of the vessel, 
the ms 1 bridge span is automatically raised (or 
lowere ) by winch gear housed in the upper 
Part © the portal structure. Fig. 2 shows the 
ctoss-t am which is coupled to the end of the 
bridge >an and is suspended on the winch ropes 
for thi purpose. The small winch carried on 
the ce: ':e of the girder operates the link-span. 

The : sidges are 140 ft. long and weigh 240 tons 
tach. essels can be loaded at all states of the 
lide ar, even with extreme tides, loading can 


TO SUIT TIDAL LEVEL 


proceed provided that the deck is between 6 ft. 
and 18 ft. 6 in. above water level. The range of 
ordinary spring tides at Dover is 18 ft. 9 in., 
but for the purpose of design the range has been 
taken as 22 ft. The maximum movement of the 
seaward end of a bridge is therefore 34 ft. 6 in., 
so that cars can be loaded on to the lower deck of 
the ferry at the lowest of low tides, and on to the 
top deck at the highest. 

The dead load of the bridge is balanced by 
two counterweights in the wings of each portal. 
The live load is carried by the main winch. 
Both the winches for the main bridge and for the 
link-span are operated from a control desk 
inside the cabin situated between the two portals 
(Fig. 1). The main bridge winch is driven by a 
15-h.p. slip-ring induction motor running at 
1,420 r.p.m. Connected directly in tandem with 
this motor, but not normally in service, is a 
second and similar motor which can be brought 
into emergency operation by a change-over 
switch connecting the control gear of one motor 
to that of the other. The motors drive the winch 
through gearing providing three stages of speed 
reduction to 4, 1 and 0-33 r.p.m., the last figure 
being the speed of the winch drum used for 





25 








BEE Di 


Fig. 2 Bridge Span and subsidiary Link-span 

suspended from Cross-girder. The Winch Gear 

raises or lowers the Bridge Span and Link-span to 
suit changes in level of the Car Ferry 





Fig. 3 Medium-voltage Switchgear, Rectifier 
Unit and Switchboard for Ship-to-Shore Supply 
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raising and lowering the bridge. The link-span 
winch is driven by a 5-h.p. slip-ring motor 
working through a worm-gear reduction unit. 

The control mechanism is designed to allow 
manual control as the bridge is being brought 
into its working position. When the bridge is 
approximately in its final position, the link-span 
is lowered on to the deck and the change made 
from manual to automatic control. If, at the 
moment the link-span touches the ferry deck, 
the slope of the link-span is incorrect, the auto- 
matic control initiates the operation of the 
bridge winch to raise or lower the bridge until 
the link-span angle is correct. The automatic 
control uses limit switches housed in the end of 
the bridge span and actuated by an arm which 
protrudes below the link-span. Variations in 
the level of the ferry deck, and therefore in the 
angle of the link-span, are thereby translated 
into an appropriate movement of the bridge 
which re-establishes the correct alignment. 


POWER SUPPLIES FROM ELECTRIC 
SUBSTATION 


To provide electric power for the bridge 
machinery and for general power, lighting and 
heating requirements, a substation was installed 
to take an incoming supply from the South 
Eastern Electricity Board at 6-6 kV and to step 
it down to 415/240 volts, three-phase, four-wire. 
In addition, the substation also contains two 
banks of mercury-arc rectifiers to provide a 
direct-current supply between shore and ship for 
the ferries when berthed. The substation plant 
consists of a 6-°6-kV three-unit Crompton 
Parkinson switchboard for controlling the in- 
coming feeder; the primary of a 475-kVA 
6,600/415/240-volt transformer ; and the primary 
of a mercury-arc rectifier transformer. Each 
unit is equipped with an oil circuit-breaker of 
150-MVA_ breaking capacity and a normal 
current rating of 600 amperes. The transformer 
output is controlled by one 800-ampere unit of a 
two-unit “* Klad *’ 415/240-volt four-wire switch- 
board, the second unit of which is rated at 
400 amperes and controls the supply to five 
switch-fuse distribution boards for separate 
services to the buildings, the jetties, a crane and 
the two bridge portals. 

A three-phase cable has been installed to the 





end of the west jetty to meet future requirements 
for an alternating-current supply to berthed 
vessels. Normally, the mains supply is used for 
the motors operating the bridge machinery but, 
in an emergency, an alternative supply from a 
stand-by 37-5-kVA Diesel-engine alternator set 
is available. Changeover from one supply to 
the other can be effected immediately by a 
selector switch in the control cabin. 

The rectifier transformer supplies four glass- 
bulb units giving an output of 200 kW at 220/230 
volts. The bulbs are mounted in pairs in sheet- 
steel cubicles provided with automatically- 
controlled fan cooling. The rectifier units are 
equipped with grid control gear to give a rising 
output-voltage characteristic from 220 volts at 
light load to 230 volts at full load. The rectifier 
output is fitted to a direct-current switchboard 
which controls two outgoing feeders to the 
jetties. This switchboard, and two of the 
transformers, are shown in Fig. 3, on page 25. 
The feeders are arranged to provide alternative 
50-kW power sockets for each of the two loading 
berths and similarly for each of two lay-by 
berths. 

The terminal was designed by the chief engi- 
neer to the Dover Harbour Board, Mr. J. W. 
Sutton, O.B.E., M.I.C.E., M.I.Mech.E. M. B. 
Wild and Company, Limited, Argyle-street, 
Nechells, Birmingham, were the main contractors 
for the bridge-hoisting machinery, which was 
erected by the Brown and Aitken Engineering 
Company, Limited, 50, Pall Mall, London, S.W.1. 
The general arrangement of the terminal was 
described in a previous article (page 55, July 10, 
1953). 

The main electrical installation was designed 
and carried out by Crompton Parkinson, Limited, 
Crompton House, Aldwych, London, W.C.2. 
The contract included the supply and installation 
of high-voltage and medium-voltage switchgear, 
power transformers, cables, machinery drives and 
controls. Allen West and Company, Limited, 
Lewes-road, Brighton, 7, designed and manu- 
factured the control gear. 

Among the firms responsible for supplying 
equipment were the following : David Brown- 
Jackson, Limited, Hampson-street, Manchester, 
and Alfred Wiseman and Company, Limited, 
Glover-street, Birmingham, 9—reduction gear- 
ing; Nevelin Electric Company, Limited, 
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Fig. 4 Main Winches housed in upper part of Portal Structure 
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Purley-way, Croydon—mercury-are _ rectiier 
units; and Petbow, Limited, Richborouzh, 
Sandwich, Kent—stand-by electric alternator, 
Palmers Hebburn Company, Limited, Hebburn, 
Co. Durham, constructed the steel bridges <nd 
link-spans and Mears Brothers (Contracto:s), 
Limited, 154, Sydenham-road, London, S.E.26, 
were the general civil-engineering contractors. 


x *k * 





1-1-H.P. FOUR-STROKE PETROL 
ENGINE 


The Villiers Engineering Company, Limited, 
Marston-road, Wolverhampton, have added a 
new engine to their range of lightweight petrol 
engines—the Villiers Mark 15. It is a single- 
cylinder air-cooled four-stroke engine, with over- 
head valves, capable of developing 1-1 brake 
horse-power at 1,500 r.p.m., or 1-95 brake horse- 
power at 2,800 r._p.m. The bore and stroke are 
63 mm. and 47 mm., respectively, and the cubic 
capacity is 147 c.c. 

The cylinder is of cast iron, heavily ribbed for 
cooling, and is cast integrally with the crankcase. 
A detachable cast-iron cylinder head, similarly 
ribbed, carries the overhead valve gear, which is 
totally enclosed and automatically lubricated. 
The piston is of aluminium alloy, with three com- 
pression rings and one slotted oil ring, and the 
connecting rod is of forged high-tensile aluminium 
alloy. Replaceable white-metal bearing liners are 
fitted to the connecting rod. A hollow gudgeon 
pin, hardened and ground, is secured in the piston 
by Circlips. The crankshaft, of forged steel, is 
mounted in ball bearings, and carries at one end 
a flywheel magneto and a fan for cooling put- 
poses. Air from the fan is delivered to the 
cylinder and cylinder head by a sheet-steel cowl- 
ing. At the opposite end of the crankshaft is 
the power take-off shaft, ? in. in diameter and 
2% in. long, with a keyway. The carburettor Is 
of Villiers design and manufacture. The engine 
is splash-lubricated, a cast oil reservoir forming 
the base for mounting purposes. It is provided 
with four lugs for bolting down. An exhaust 
silencer, oil-bath air cleaner, and a half-gallon 
petrol tank are fitted as standard. The speed 
of the engine is controlled by a totally-en losed 
adjustable governor. 

This engine was exhibited for the first time at 
the recent Smithfield Agricultural Show and 
Machinery E£xhibition, held at Earls outt, 
London. 
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Fig. 1 General View of Machine, showing 


Duplicate Ovens 





SHELL MOULDING MACHINE 


SIMPLE DESIGN PRODUCES 40 MOULDS 
AN HOUR 


Where many small parts of fairly intricate 
shape and yet with good finish are required, the 
practice of shell moulding offers many advan- 
tages to the manufacturer. Limits can be main- 
tained closely and machining operations can be 
reduced if not eliminated, in addition to the direct 
saving in the foundry. 

Textile machinery, particularly spinning 
machines, requires a great number of small 
components, and the finish of these must be good 
to avoid damage to the yarn and cloth. Conse- 
quently, Fairbairn Lawson Combe Barbour, 
Limited, Leeds, investigated the possibilities of 
shell-moulding and have now produced a machine 
which they call the Shelmolda. This was prim- 
arily made for their own production lines, but 
is also being offered for sale. Simplicity and low 
cost are probably its two most outstanding 
attributes. One model is shown in Fig. 1. At 
each end are the curing ovens and in the centre the 
dump-box. The duplication allows a continuous 
cycle to be operated. With the machine shown, 
a production rate of 40 shells an hour can be 
easily maintained and higher rates have been 
achieved ; the curing-time is the chief con- 
trolling factor. Overall dimensions are 12 ft. 6 in. 
by 3 ft. 6 in. by 5 ft. high, and the pattern plate 
is 24 in. by 16 in. by 8 in., allowing a maximum 
depth of pattern of 4 in. The ejectors have a 
1}-in. lift. 

Once the pattern-plates have been heated, the 





F:. 9 Finally, the Shell is 
Removed 


Fig. 8 The Pedal is depressed and 
the Shell lifted from the Plate Oven 


cycle of operations becomes continuous, for the 
plates do not have time to become cold during 
the process. The ovens are gas-fired and are 
equipped with thermostatic control. The door 
is lifted by depressing a pedal and there is a 
hand-controlled damper in the chimney. The 
heated plate is blown clean with compressed air, 
as shown in Fig. 2, above, and then sprayed 
with a silicone grease. Beneath the pattern- 
plate in Fig. 2 is the plate for lifting the ejector 
pins, which are spring loaded. The lifting is 
also foot-operated and there are guides on 
either side to hold the plate down while the shell 
is being ejected. After spraying, the plate is 
slid along to the dump-box so that the half- 
hinges are engaged. The plate is swung over 
on the hinges and clamped in place on the box. 

Inversion of the dump-box may either be by 
hand or by using a pneumatic cylinder. It 
can hold 2 cwt. of sand mix, and there should 
always be enough present to cover the highest 
points of the pattern with a 4-in. layer. Invest- 
ment time is usually about 15 seconds, and 
should be fairly closely controlled in order to 
give consistent shells. When the dump-box 
has been turned back again and the pattern-plate 
swung back, any thin places of the shell can be 
made up by scattering a handful of mix over 
them. The plate is then slid back into the 
oven for curing. While the shell is being cured 
at one end of the machine, the second plate 





Fig. 2 The Pattern Plate is 
cleaned by Compressed Air 


Fig. 7 The Shell is baked in the 





Fig. 3 Plate is reversed over the 
Dump Box 








Fig. 6 Dump Box is Reversed and 
Plate raised to,show Invested Shell 
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Fig. 1 Test Bed at Witton Works: 30-MW air-cooled Alternator on test and 60-MW hydrogen-cooled Alternator being erected 


can be invested and by the time that it has been 
placed in the second oven for curing, the first 
will be ready for removal. Normally, a minute 
should be allowed for curing, but this will vary 
with oven temperature and the mix used. When 
the shell is cured, the plate is slid out of the oven 
and over the ejector mechanism; the shell is 
then lifted clear by the ejector pins and placed in 
the storage rack. 

The particular pattern-plate in the illustrations 
has both halves of the shell on it, which means 
that a complete mould is made at each operation. 
When a mould is required, the shell is taken 
from the rack (experience has shown that they 
are less liable to distortion if stored vertically) 
and broken at the dividing line. The two halves 
are then put together, matching being ensured 
by spigots and holes cast in the shells, and are 
held by steel U-clamps pushed over the edges. 
Heavier shells are held by similar clamps but 
fixed with wooden wedges and not merely by 
the spring of the metal. The mould is then laid 
flat on a sand bed with a weight on the centre 
to hold the top half down. It has been found 
that this simple system of clamping the shells is 
quite satisfactory for horizontal pouring, and 
the runners are arranged for this. Vertical pour- 
ing requires elaborate clamping devices to hold 
the halves together, which do not seem to be 
justified. 

It is claimed that limits are maintained to less 
than 0-01 in. Thus only grinding and buffing 
are required subsequently ; the untouched sur- 
face will take paint or enamel quite satisfactorily. 
Fairbairn Lawson Combe Barbour are now using 
shell-moulding as part of their ordinary practice, 
and the incorporation of this machine in their 
production lines would seem to have solved the 
problem, always present in this process, of 
handling the heavy, Fot pattern plate. 

2 ® 
ROADWAY OVER THE FORTH 
BRIDGE ? 
The Minister of Transport has announced that 
Sir William Arrol & Co., Ltd., Glasgow, have 
accepted his invitation to be represented in a 
consultative capacity on the committee examin- 
ing the proposals of Sir Bruce White for placing 
a roadway through the Forth Bridge. The 
company were the original steelwork contractors 


for the bridge and have since undertaken the 
maintenance work. 


TESTING LARGE ALTERNATORS 
ARTIFICIAL LOADING BY REACTORS 


The only practicable method of ensuring that 
the large alternators now becoming common 
are capable of performing their rated duties 
is to subject them to some form of artificial 
loading. The General Electric Company, 
Limited, have recently installed equipment of a 
new design for this purpose at their Witton 
works. This also permits investigations to be 
carried out under closely controlled conditions. 
An important point is that the data thus obtained 
can quickly be made available to the designer 
and incorporated in subsequent production. 

The plant is installed adjacent to the test-bed 
in the heavy engineering shop and consists of 
two reactors, each with a six-limbed core on 
which the tertiary windings are carried. These 
windings are arranged so that the current drawn 
from the alternator under test is practically 
sinusoidal, the wave form having a harmonic 
content of only 14 per cent. The reactors 
which, as shown in Fig. 2, are situated in the 
open, are forced-oil cooled, the coolers, which 
are of the forced-draught type with integral fans, 
being mounted alongside. They are solidly 
connected to the alternator under test by tubular 
copper *bus-bars with a current-carrying capacity 
of 6,000 amperes, the insulation being suitable 
for a working voltage of 30 kV. 

Direct-current excitation is obtained from a 
twelve-phase_ grid-controlled rectifier of the 
pumpless steel type. This rectifier, the output 
voltage of which can be varied to meet the 
required conditions of excitation, is housed in 
an internal substation and is supplied from the 
11-kV supply through an outdoor transformer. 
Protective devices are provided to cut-off the 
excitation of both the alternator and the reactors 
so as to make the alternating-current circuits 
dead. 

With this arrangement the reactors provide a 
load, the rated current and voltage of which are 
at zero power factor. This load can be controlled 
Over a wide range by varying the direct-current 
excitation of the cores. Without this excita- 
tion the reactors only absorb 500 kVA, but 


when direct-current excited this figure can be 
smoothly increased up to 100 MVA. Maximum 
loads of 75 MVA at 11 kV and 22 kV or 37 MVA 
at 6-6 kV can also be obtained by re-arranging a 
system of external flexible links. 

The alternator is erected on the main test bed 
in the works. This bed is 133 ft. long by 19 ft. 
wide and comprises a central platform 8 ft. high, 
on either side of which is a bed 50 ft. 6 in. long 
and 6 ft. 3 in. above the shop floor. One 
machine can therefore be erected or dismantled 
while a second is on test, as shown in Fig. 1, 
which illustrates a 30-MW air-cooled machine 
on test and a 60-MW hydrogen-cooled machine 
in course of erection. Each of the beds is built 
so as to form a pit below the machine and is 
provided with ducts for closed-circuit air-ventila- 
tion or hydrogen-cooling. It is arranged to 
support the stators and rotors of steam-driven 
alternators with outputs from 12 to 200 MW. 
The alternator under test is driven by a 3,000-h.p. 
two-pole induction motor, which also supplies 
all the losses. This motor is connected to the 
11-kV supply through a step-down transformer 
and two induction regulators (which are housed 
in the test substation) and is controlled by a 
remotely operated liquid controller. With this 
equipment it is possible to run a 60-MW machine 
up to speed in about five minutes and to shut it 
down in four minutes. In the case of very large 
machines additional power can be obtained by 
coupling two motors in tandem. 

Particular attention in the lay-out of the test 
bed has been given to the lubricating system. 
Oil for the bearings and the hydrogen seal is 
supplied from a reservoir with a capacity of 
2,500 gallons, which is under an air pressure 
of 60 Ib. per square inch. Both this pressure and 
the oil flow are maintained by screw-‘ype 
pumps. These are independently driven by 
squirrel-cage motors, which are automat cally 
switched over to a separate emergency su :pply 
should the main supply fail. If, in turn, this 
supply should fail, or the pumps break d°wn, 
the reservoir capacity is sufficient to <!low 
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the largest alternator to be brought to rest. 

She heat generated in the alternator and its 
be: tings is dissipated in a closed circuit, the 
wa‘er in which is cooled by forced-draught 
spr: y coolers. In the case of hydrogen-cooled 
alternators, these coolers are built into the 
machines, but those for air-cooled alternators 
form: a separate unit. Both the oil and water- 
cooling equipment is installed in the outdoor 
substation. During tests, the hydrogen supply 
is manually controlled and checked by a purity 
meter and pressure gauge. There is also an 
inclined oil gauge of the U-tube type, which 
indicates the gas pressure and purity. 

All the necessary test and auxiliary instru- 
ments are situated in a central control room. 
These instruments include permanent meters 
in the driving-motor circuit and ammeters in the 
circuits of all the essential auxiliaries. The 
failure of any essential circuit is indicated by 
alarms. The alternator under test is metered by 
portable sub-standard instruments, while 48-point 
and 12-point temperature indicators enable 
readings to be obtained from the normal 
embedded temperature detectors and additional 
temporary thermo-couples. 

Facing the control board on which these 
instruments are mounted is a lubrication panel 
carrying valves, pressure gauges, sight flow 
indicators and thermometers. The test beds 
are connected by screened cables to oscillographs 
in a separate section, which is complete with a 
photographic dark room. Records are taken 
on a six-element electromagnetic oscillograph 
using a film 120 mm. wide by 320 mm. long. 
Alternative arrangements permit the use of a 
continuous film for measuring transients or 
where records over longer periods are required. 

During a recent visit to this plant, one of the 
machines under test was the third 60-MW 11-8-kV 
alternator which the General Electric Company 
has constructed for the Uskmouth station of the 
British Electricity Authority. This machine, 
like its two predecessors, is cooled with hydrogen 
at a pressure of 4 Ib. per square inch, the gas 
being circulated by fans through the windings 
and then through four coolers. It may be re- 
corded that the two machines now in operation 
at Uskmouth have shown a heat consump- 
tion of 9,027 B.Th.U. per kilowatt-hour at 
full load on test, a figure which is believed to 
be the highest recorded for generators of their 
size working under steam conditions of 900 Ib. 
per square inch and 900 deg. F. 


SUPPORTS IN COAL MINES 
Steel Replaces Timber 


The following table taken from a recent report* 
indicates the inroads made by steel for use as 
supports in mining work. 

In the upper part it will be observed that the 
length of roadways in use below ground supported 
by steel arches has increased from 2,600 to 
6,900 miles from 1936 to 1952, whereas the 
length supported by timber and other means has 
decreased from 6,200 to 3,400 miles in the same 
period. This trend is reflected in the second part 
of the table, where the percentage of total road- 
ways supported by steel has increased from 37 
per cent. to 70 per cent., while timber and other 
supporting methods have decreased from 46 per 
cent. to 24 per cent. in the sixteen years. 

Unfortunately, records do not appear to be 
available of the number of wooden props in use 
at the working face during the same period, for 
comparison with the steel props shown in the 
third part of the table. However, the Statistics 
Division of the Ministry of Fuel and Power have 
been able to provide figures of the number of 
wooden props in use in 1951 and 1952. 

It will be observed that about three times the 
quantity of steel props were in use from 1949 to 
1952 compared with the year 1936, but that in the 
last few years the total number has shown 
relatively little increase, probably owing to the 
shortage of steel supplies. More wooden props 
were in use in 1952 than in 1951, but only led 
steel in the ratio of approximately five wooden 
to four steel props in use. 





“* Statistical Year Book, 1952: British Iron and 
Steel Federation. 


BENEVOLENT FUND OF 
THE I.E.E. 
President’s Appeal to Members 


It is the practice of each succeeding President of 
the Institution of Electrical Engineers to make an 
appeal to the members for contributions to the 
Incorporated Benevolent Fund of the Institution. 
In the course of his message continuing this 
custom, Mr. H. Bishop, the President for 1953-54, 
states that the fund “‘ has the greatest difficulty 
in making ends meet.” This point, which is 
illustrated by the fact that last year the fund paid 
out £280 more than it received, is not to the 
credit of the membership as a whole. 

As Mr. Bishop says, an average contribution 
per member of 6s. 4d. is a disappointing figure. 
This small sum is not to be explained by the size 
of the individual contributions but by the fact 
that two-thirds of the very large number of 
members do not at present subscribe. Some 
satisfaction is to be obtained from the fact that 
subscriptions and donations last year rose to 
£12,155 compared with the £11,245 of the year 
before. Even so, however, investments had to 
be sold to meet the cost of development of 
“* The Chesters,”’ the residential estate comprising 
sixteen houses occupied by aged members of the 
Institution who have fallen on evil times, or 
their dependants. 

Subscribers to the fund need not suppose that 
the money available is dissipated in extravagant 
grants. Mr. Bishop gives brief particulars of 
eight assisted cases. The average grant is less 
than £2 a week, which is a small sum in view of 
present-day living costs, and the average age of 
six of the recipients is over 72. The two some- 
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* Of this quantity, wooden props numbered 1,614-8 and wooden bars 457-8 in the year 1952. 


Fig. 2 Outdoor Substation, showing Reactors and Power Transformers 


what younger are a widow and a daughter of 
deceased associate members left with small 
children. Members of the Institution of Elec- 
trical Engineers, in common with other people, 
receive many appeals from charities at Christmas 
time, but support for the activities of their own 
institution might well be placed first. 
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DEVELOPMENTS IN POWDER 
METALLURGY 


A course of eleven lectures dealing with many 
aspects of powder metallurgy will be delivered at 
the Battersea Polytechnic on Tuesday evenings 
beginning on January 12. Each lecture will 
commence at 7 p.m., and will be followed by a 
discussion. Subjects dealt with will include 
the preparation of ferrous and non-ferrous 
powders, their properties and methods of mea- 
surement, pressing and sintering, production of 
structural components, cemented carbides, molyb- 
denum and tungsten, metal-ceramics, magnetic 
and electrical products, and recent work on 
beryllium and zirconium. The fee for the 
course will be 25s. and application should be 
made to the secretary (powder metallurgy 
course), Battersea Polytechnic, London, S.W.11. 
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ELECTRIC LIFTS IN BLOCK 
DWELLINGS 


A paper read by Mr. C. G. L. Morley before the 
Utilisation Section of the Institution of Electrical 
Engineers on Thursday, December 10, 1953, 
reviewed present practice with regard to the 
electric passenger lifts installed in block dwellings 
of four or more storeys. The provision of 
single-speed passenger lifts for this purpose was, 
he said, now usual. This policy did not en- 
courage the building of common shafts contain- 
ing two or more lifts, as would be preferable 
for maintenance and overall serviceability. 
Generally speaking, the lifts installed on the 
London County Council’s estates had a floor 
area of 16 sq. ft. and a carrying capacity of eight 
persons. Lifts to carry two, three, five and six 
persons had also been installed for special 
reasons, but the small saving in cost was out- 
weighed by the reduced convenience. 

The motor rooms were normally sited at the 
top of the shafts, an arrangement which decreased 
the load carried by the structure by about 40 per 
cent. and led to lower maintenance costs and 
reduced fire risk. In their construction special 
attention should be paid to the elimination of 
dust which, if it settled on the oiled surface of 
the guides, could seriously affect the wear of the 
car and counterweight shoes and give rise to 
noise. A lifting beam capable of hoisting any 
part of the winding engine and of suspending the 
car during re-roping should be installed. Natural 
light and ventilation should be provided and the 
windows should be arranged so that direct sun- 
light did not fall either on the lift mechanism or 
the electrical equipment. Accessibility to the 
equipment was essential, to secure which a 
minimum height of 7 ft. from floor to ceiling 
in the motor room was recommended. 


PRECAUTIONS AGAINST MISUSE 

To guard against misuse careful thought had 
been given to the materials and finish for the 
cars and architraves. It was finally decided to 
use an alloy of aluminium and manganese for 
the car linings, doors and architraves. This 
was fluted or ribbed lengthwise at intervals of 
about } in. so that marks were not very apparent 
and no disfiguring rust appeared. The fluted 
surface was also a deterrent to writing. All the 
fixing screws were inaccessible either from the 
landings or the interior of the car and solid 
single-panel doors, which were both opened and 
closed by power, were used, both to protect 
children and as a safeguard against damage to 
the mechanical locks, such as might be caused 
by door slamming. When the lift had reached 
a landing, to which it had been called, both the 
landing and lift doors were opened and the leads 
to all the landing and car push-buttons were dis- 
connected. After an interval of some seconds 
the car push-buttons were re-connected, the 
delay ensuring against the rapid reversal of lift 
travel which was one form of misuse. After 15 
to 20 seconds a second control connected a feed 
to the landing push-button circuit, thus giving 
priority to a passenger who had called the lift. 
When this second device operated the doors 
were automatically closed, even though no call 
had been made. The car was then available for 
a call from any landing. 

A “ sensitive edge ”’ was fitted to both car and 
landing doors. This depressed a switch so that 
the door-operating motor was reversed if an 
obstruction was encountered during closing. 
This arrangement necessitated the high-speed 
portion of the door-operating motor and the 
relays in its circuit being made as light as possible. 
The lift control circuit operated at 100 volts, thus 
reducing the size of the relays and providing a 
fair degree of protection against shock. 


The car control station consisted of a hinged 
panel which was secured by two or more locks 
operated by keys. The push buttons were 
mounted on a block, which was so arranged that 
when the panel was closed they alone projected 
through it. In the locked position the panel also 
locked the cover of a junction box, which 
extended to the car floor and in which the 
flexible trailing cables terminated. These cables 
ran uninterruptedly from the car to the motor 
room and could be tested either from the floor 
of the car or the motor room. The omission 
of a terminal box in the lift well eliminated 
one source of trouble from loose connections. 
Considerable experience had been obtained with 
units in which the motor was coupled to the 
reduction gearing through V-ropes. This 
permitted a reduction in floor area and meant 
that less attention could be given to the alignment 
of the motor and gearing. The replacement of a 
burnt-out motor was also easier. 


EMERGENCY STOP BUTTONS 
ELIMINATED 


Silent operation had been assisted by the 
elimination of tappet switches from the lift well 
for floor selection and their replacement either 
by a mechanical switch, driven by a tape or 
chain from the lift car, or a selector system in 
the control panel, which was operated by electrical 
impulses. No emergency stop button was pro- 
vided in the cars, since with solid doors it was 
considered it served little useful purpose, as 
obstructions in the well could not be seen. 
A mechanical lock was, however, fitted on the 
door so that a passenger could not forcibly 
open it and stop the car. 

A control station was fitted on the roof of the 
car to enable the lift well to be inspected. This 
contained a selector switch which enabled the 
mechanic to obtain complete control of the car 
travel. ““Up” and “down” push buttons 
were also provided for operating the car provided 
all the safety locks were appropriately set. 
The release of these buttons caused the lift to stop 
immediately. A  circuit-breaker was _ installed 
in a prominent position in the motor room to 
facilitate prompt action in emergency. This 
was supplied through fuses, which were housed 
in a locked distribution box if several lifts were 
installed. If there was only one a switch-fuse was 
used. An alarm push button for operating a 
bell near the ground-floor landing door was 
provided at the car control station and was 
wired from the motor-room lighting circuit, 
this being separated from other circuits in the 
roof space. By the side of the bell was a notice 
lettered “lift breakdown” to indicate that 
a passenger in the car required assistance. 


FIRE PRECAUTIONS 


In block dwellings the height of which exceeded 
80 ft., it was necessary for one lift to be nominated 
as a “ fireman’s lift.” This required a separate 
electricity supply and modifications to the control 
circuit, so that the operation of a switch at the 
ground-floor level would stop the car or cause 
it to descend to the ground floor. The sole 
control* of the car had to be vested in the 
fireman, which meant that the landing push 
buttons must be rendered inoperative. 

A common form of misuse was the introduc- 
tion of foreign matter into the track at the 
bottom of the doors. To prevent the closing 
motor operating in this condition a timing 
device had been introduced which would shut 
it down after one minute. As the doors might 
continuously open and reclose if an obstruction 
operated the “ sensitive edge,” another device 
held the doors fully open after this cycling had 
continued for two minutes. 
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RADIANT HEAT 
TREATMENT OF NYLON 
FABRICS 


If fabrics woven or knitted from nylon, Tery.ene 
and similar synthetic fibres are to have dirien- 
sional stability, softness, drape and freedom 
from edge-curling the strains set up during 
manufacture must be relaxed by heat, thus aliow- 
ing the freed molecules to re-orientate them- 
selves in the required finished direction. Al- 
though high-pressure steam and hot gas have 
been used for this purpose, in the case of nylon 
there is a demand for smaller equipment which 
will give rapid results. The General Electric 
Company, Limited, Kingsway, London, W.C.?, 
in collaboration with British Nylon Spinners, 
Limited, 25, Upper Brook-street, London, W.1, 
and George Pearson and Sons, Limited, Notting- 
ham, have therefore designed radiant heating 
plant for this purpose. 

The plant consists of a horizontal bank of 
sheathed-wire element reflector troughs, 3 ft. 
long, which are mounted in an angle iron frame- 
work and vary in number according to condi- 
tions. For instance, a plant 6 ft. long will process 
14 yards of nylon fabric per minute. The ele- 
ment troughs, which are about 11 in. wide, run 
roughly parallel with the direction of the cloth 
and are enclosed in aluminium reflector sheets 
about 12 in. deep. Reflector sheets are also 
placed at the bottom of the bank. Control is 
effected from a separate panel, the electrical 
loading being about 1-2 kW per square foot. 
To ensure the consistent and accurately controlled 
setting of the fabrics the heating elements must 
be supplied at a fairly constant voltage, to obtain 
which a transformer may be necessary. 

The equipment can be fitted over existing 
stenters and suspended from the roof, arrange- 
ments being made so that it can automatically be 
raised from the cloth surface should over-heating 
occur. Long pre-heating is unnecessary since 
the equipment reaches its full thermal intensity 
in 5 to 10 minutes. The setting temperature is 
also reached very quickly—in about eight seconds 
in the case of most lightweight fabrics—owing 
to the rapid transfer of heat from the radiant 
source. The insertion of heat-resisting glass in 
the side panels enables the material to be kept 
under continuous observation. 

Experience shows that there is no deterioration 
in the strength of the fabric or reduction in the 
physical qualities of the fibres when this method 
is used. The resulting uniformity of setting also 
gives an even level of dyeing. No discoloration 
occurs, since the cloth is only at a high tempera- 
ture for a very short time, and there is no oxida- 
tion of the fibres owing to the negligible air flow. 
The use of anti-oxidants and bleaching is there 
fore unnecessary. 


x k * 


APPRENTICESHIP WITH BRITISH 
RAILWAYS 


The training of young men as craftsmen is one 
of the most important responsibilities of the 
community, and in so far as British Railways !s 
concerned, is one which is shouldered with vigour 
and efficiency. Anattractive and well-illustrated 
brochure dealing with apprenticeship wi 
British Railways is now available to would-be 
apprentices, parents and educational authoriti¢s, 
and in it is set out the progressive system 0 
workshop training in operation at the Derby 
works of the London Midland Region. ! 
system provides four months’ initial training 
during which a trainee receives 12 hours ° 
theoretical and 27 hours of practical inst-uction 
a week, followed by a planned appreniiceship 
which opens the way for an able boy, uli:mately 
to reach the highest executive posit'ons 1 
railway engineering. 
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LAUNCHES AND TRIAL 
TRIPS 


M.S. ‘“‘ MUNKEDAL.”’—Single-screw oil tanker, 
built and engined by the Gdétaverken Shipyard, 
Gotlicnburg, for Munkedals A/B, Munkedal, Sweden. 
Mair dimensions: 550 ft. overall by 66 ft. by 
39 ft. 3 in. ; deadweight capacity, about 17,600 tons 
on a draught of 30 ft. 2 in. Gé6taverken nine- 
cylinder single-acting two-stroke Diesel engine, 
developing 6,750 b.h.p. at 112 r.p.m., and a speed of 
15 knots, fully loaded. Launch, November 10. 

S.S. “* NORTH QUEEN.”’—Single-screw cargo vessel, 
built by Short Brothers, Ltd., Sunderland, for Mr. 
A. G. Pappadakis, London, E.C.3. Third vessel 
built for this owner. Main dimensions: 438 ft. 
between perpendiculars by 59 ft. 6 in. by 37 ft. 7 in. 
to shelter deck ; deadweight capacity, about 9,895 
tons on a draught of 25 ft. 94 in. Triple-expansion 
steam engine of reheat design, and three multi- 
tubular oil-burning boilers, constructed by the North 
Eastern Marine Engineering Co. (1938), Ltd., 
Sunderland. Service speed, 12 knots. Trial trip, 
November 11. 

M.S. ‘“‘ SUDAN.”’—Twin-screw cargo vessel, with 
accommodation for twelve passengers, built and 
engined by the Eriksbergs Mek. Verstads Aktiebolag, 
Gothenburg, for A/B Svenska Ostasiatiska Kompan- 
iet, Gothenburg, Sweden. Main dimensions : 470 ft. 
between perpendiculars by 65 ft. by 40 ft. 6 in. to 
shelter deck ; deadweight capacity, 10,550 tons on a 
draught of 27 ft. 34 in. Two six-cylinder single- 
acting two-stroke Diesel engines, together developing 
12,000 ih.p. Speed, 17} knots, fully loaded. 
Delivered, November 18. 


M.S. “‘ JARENA.’’—Single-screw oil tanker, built 
and engined by Harland and Wolff, Ltd., Belfast, for 
Anders Jahre. & Co., Sandefjord, Norway. Fourth 
of a series of five similar vessels for these owners. 
Main dimensions : 540 ft. between perpendiculars 
by 73 ft. by 39 ft. 3 in. to upper deck ; deadweight 
capacity, about 18,500 tons. Harland-B. and ,W. 
six-cyhnder two-stroke single-acting opposed-piston 
oil engine. Trial trip, November 18. 


Licut VeEssEL No. 15.—Built by Philip and Son, 
Ltd, Dartmouth, for the Corporation of Trinity 
House, London, E.C.2. Twenty-third light vessel 
constructed for the Corporation. Main dimensions: 
130 ft. by 25 ft. by 15 ft.; gross tonnage, 350. The 
lantern contains six 500-watt lamps, giving a beam 
visible for from 10 to 12 miles in clear weather. 
Launch, November 18. 


S.S. “‘ WALLASEY.’’—Single-screw tug, built by 
Cochrane and Sons, Ltd., Selby, Yorkshire, for the 
Alexandra Towing Co., Ltd., Liverpool. Main 
dimensions : 92 ft. 6 in. by 25 ft. 6 in. by 12 ft. 6 in.; 
gross tonnage, 200. Triple-expansion steam engine, 
constructed by Charles D. Holmes & Co., Ltd., 
Hull. Launch, November 23. 


S.S. “* BriTIsH ENGINEER.”’—Single-screw oil tanker , 
built and engined by Harland and Wolff, Ltd., 
Belfast, for the British Tanker Co., Ltd., London, 
E.C.2. Main dimensions: 665 ft. overall by 
85 ft. 6 in. by 46 ft. 8 in. ; deadweight capacity, 
about 32,000 tons. Compound steam turbines with 
double-reduction gearing, developing 12,500 s.h.p. at 
112r.p.m. Launch, November 24. 


M.S. “La CuHacra.”’—Single-screw cargo vessel, 
built by Bartram and Sons, Ltd., Sunderland, for 
Buries Markes, Ltd., London, E.C.3. Main dimen- 
sions : 440 ft. between perpendiculars by 60 ft. 6 in. by 
38 ft. 4 in. to shelter deck ; deadweight capacity, 
9,500 tons on a summer draught of 26 ft. 0} in. 
N.E.M.-Doxford five-cylinder two-stroke opposed- 
Piston heavy-oil engine, developing 5,500 b.h.p. at 
ll5 r.p.m. in service, constructed by the North 
Eastern Marine Engineering Co. (1938), Ltd., 
Wallsend-on-Tyne. Service speed, 144 knots. Trial 
speed, 16:21 knots. Trial trip, November 24. 


S.S. “\ ARIANA.”’—Single-screw cargo vessel, built 
and engined by William Gray & Co., Ltd., West 
Hartlepool, for Rederibolget Re-Be, Abo, Finland. 
Main dimensions : 406 ft. between perpendiculars by 
56 ft. by 36 ft. 44 in. to shelter deck ; deadweight 
Capacity, 8,700 tons on a draught of 24 ft. 114 in. 
Triple-e pansion steam engine working in conjunction 
with a jauer-Wach exhaust turbine, constructed at 
the shi ‘builders’ Central Marine Engine Works. 
Steam s .pplied by two oil-fired boilers. Service speed, 
about 1? knots. Trial trip, November 25. 

S.S. ‘: HeRTHA.”’—Single-screw oil tanker, built and 
engined »y the Blythswood Shipbuilding Co., Ltd., 

tsto\ 1, Glasgow, for S.A. William Hansens 
b Tl, ergen, Norway. Main dimensions : 305 ft. 

y 44 fi. by 20 ft. 3 in. to upper deck ; deadweight 

Sapacity about 3,500 tons on a draught of 18 ft. 6 in. 


wile ansion steam engine. Launch, Novem- 


Labour Notes 


INCREASED 
RAILWAY CHARGES? 


Immediate efforts are likely to be made by the 
British Transport Commission to balance the 
additional expenses which the Commission are 
being called upon to meet. Besides advances in 
railway freights and dock charges, there are 
expected to be some increases in passenger fares 
in the London district and elsewhere. It was 
made known, however, after a meeting of the 
Commission on December 18, at which General 
Sir Brian Robertson presided, that long-distance 
and holiday fares are not expected to be 
affected. 

The Commission decided that they would not 
be able to absorb the increased costs with which 
they were faced unless charges generally were 
raised. Freights were expected to be advanced 
by 10 per cent. In this connection, it may be 
recalled that an increase of 5 per cent. in these 
charges in 1952 produced an extra £12 million 
in revenue. 

Railway expenses rose steadily all through 
1953, beginning with the higher prices charged 
for coal early in the year and ending with the 
wage increase conceded last month. 

While the suggested increases in charges will 
take into account the immediate rise of 4s. a 
week in wages, they are not expected, at all 
events at present, to provide for the further 
percentage increase, over and above that amount, 
which is expected to be approved within the next 
few weeks. During the negotiations with the 
unions towards the end of last month, the Com- 
mission stated that they hoped that these extra 
increases in wages would result in economies and 
greater efficiency. 


EXAMINATION OF RAILWAY WAGE 
STRUCTURE 


Preliminary discussions on the wage and salary 
structure of the railway industry took place at a 
meeting between representatives of the British 
Transport Commission and the three principal 
railway unions on December 22, held in accord- 
ance with the agreement reached in the previous 
week when it was decided that the two sides 
should meet to examine earnings, correct 
anomalies and arrange for the provision of 
further incentives. It was as a result of that 
agreement that the National Union of Railway- 
men cancelled the national strike which had been 
ordered to commence on December 21. 

The meeting was of short duration and only 
the main lines along which the consideration of 
these problems are to proceed were discussed. 
An official statement issued subsequently men- 
tioned that agreement was reached on this point, 
and that a further joint meeting between repre- 
sentatives of the Commission, the N.U.R., and 
the other two unions, the Transport Salaried 
Staffs’ Association and the Associated Society 
of Locomotive Engineers and Firemen, would 
take place early this month. 

One of the first steps to be undertaken at the 
coming meeting will be to settle the amount of 
the percentage increase in standard wage and 
salary rates which the Commission promised to 
introduce not later than the first week in Febru- 
ary. In this connection, Mr. J. S. Campbell, 
the general secretary of the N.U.R., made it 
clear, when the strike was called off, that the 
percentage increase referred to must give the 
lowest-paid railwaymen at least 3s. weekly, in 
addition to the 4s. a week provided by the Rail- 
way Staff National Tribunal’s award of Decem- 
ber 4. Otherwise, the union would regard the 
additional sum as unacceptable. 
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SEAFARERS’ WAGES 


Adult ratings in the British mercantile marine 
were awarded an increase of 30s. a month, 
equivalent to about 7s. a week, at a meeting of 
the National Maritime Board on December 18. 
Boys will receive a proportionate increase and a 
rather larger sum will be granted to petty officers. 
Increases for the officer grades will be based on 
the award to adult ratings and will range upwards 
from 30s. a month for newly-appointed junior 
uncertificated officers. 

In all, about 145,000 officers and men of the 
Merchant Navy will benefit from the increases, 
which are the first to be granted to the service 
since January, 1952. The award was made in 
reply to claims for a substantial advance in 
wages submitted by the seafarers’ organisations 
on November 19. The Board, which comprises 
representatives of both shipowners and the trade 
unions, agreed that the rises should be worked 
out in detail at a later date, but that they should 
become effective as from January 25 next. 

Existing rates of pay for able-bodied seamen 
commence at £24 a month, with all food pro- 
vided. In addition, an efficient-service allow- 
ance of £1 a month may be earned each year for 
four years, thereby bringing the pay of efficient 
ratings up to £28 a month. Such men will 
receive £29 10s. a month in future. At present, 
able-bodied seamen employed on a weekly basis 
receive £6 14s., rising to £7 12s. 8d. after four 
years’ efficient service. 


NATIONAL COAL BOARD 
** COMPLACENT ”’ 


Suggestions that undue complacency was being 
shown by the National Coal Board respecting the 
urgency of the miners’ wage claim were made at 
a meeting of the South Wales area executive 
committee of the National Union of Mine- 
workers on December 22. The union has 
presented demands for an increase of 12s. 6d. a 
week in the minimum rates for surface employees 
and of 13s. 6d. a week for men employed under- 
ground. These will be discussed at a meeting in 
London between officials of the two sides next 
Tuesday. 

Mr. Will Paynter, President of the union’s 
South Wales area, said that strong dissatisfaction 
was felt at the slow progress of the wage negotia- 
tions. Miners throughout the industry were 
anxious that a decision should be reached when 
the joint meeting took place, and those belonging 
to the South Wales area were in favour of a 
national delegate conference being summoned to 
consider a report on the discussions. Meetings 
and demonstrations would be held in all parts of 
the South Wales coalfield if the Board failed to 
concede the union’s claims in their entirety. 

Mr. Paynter added that members of the area 
executive committee were being subjected to 
considerable pressure from many of the miners’ 
lodges to take active steps to enforce the wage 
claims, either in the form of banning all Saturday 
work and overtime, or by direct strike action. 
The committee were, in fact, much concerned at 
the rather startling proportions to which the 
working of overtime had grown. This was 
definitely contrary to the objects of the union, 
which was anxious to return to a genuine five-day 
working week throughout the industry. 

Production results achieved by the industry 
during the week ended December 19, 1953, were 
the highest since the Dunkirk period in June, 
1940, according to provisional statistics issued by 
the Ministry of Fuel and Power just before 
Christmas. Although it is traditional for miners 
to work harder during the pre-Christmas period, 
output in the week referred to, 4,772,200 tons of 
deep-mined coal and 230,700 tons of opencast 
coal, is regarded officially as most encouraging. 





NOTICES OF MEETINGS 


British Institution of Radio Engineers 


LONDON 
“ Engineering Design of Very-High-Frequency Multi-Channel 
Telephone Equipment,” by W. T. Brown. London School of 
Hygiene and Tropical Medicine, Keppel-street, W.C.1. Wed., 
Jan. 6, 6.30 p.m. 


EDINBURGH 
“Radio Astronomy,” by H. Seddon. Scottish Section. 
Department of Natural Philosophy, Edinburgh University. 
Thurs., Jan. 7, 7 p.m. 

LIVERPOOL 
“* Interlacing Problems in Television Receivers,” by Dr. G. N. 
Patchett. Merseyside Section. Electricity Service Centre, 
Whitechapel, Liverpool, 1. Thurs., Jan. 7, 7 p.m. 

MANCHESTER 
“Manchester University Computor,” by D. B. G. Edwards. 
North-Western Section. College of Technology, Manchester. 
Thurs., Jan. 7, 7 p.m. 


Incorporated Plant Engineers 


LONDON 
“ Transmission Equipment and Bearings,” by F. J. Walters. 
Royal Society of Arts, John Adam-street, W.C.2. Tues., 
Jan. 5, 7 p.m. 


EDINBURGH 
“ Power Factor Correction,” by Hugh Ferguson. 
lotte-square, Edinburgh. Tues., Jan 5, 7 p.m. 


PETERBOROUGH 
“ Industrial Uses of Magnetic Power,”’ by G. T. Hawker. 
Eastern Gas Board’s Offices, Church-street, Peterborough. 
Thurs., Jan. 7, 7.30 p.m. 

SOUTHAMPTON 
“History of Southampton’s Water Supply,” 
Hawksley. Polygon Hotel, Southampton. Wed., 
7.0 p.m. 


25 Char- 


by Joseph 
Jan. 6, 


Institute of British Foundrymen 


BRADFORD 
“ Aluminium Casting Alloys,” by R. Mercer. West Riding 
of Yorkshire Branch. Technical College, Bradford. Sat., 
Jan. 9, 6.30 p.m. 

GLASGOW 
* Core Assembly as a Production Aid to the Jobbing Foundry,” 
by E. H. Beech and J. Hoyes. Scottish Branch. Royal 
Technical College, Glasgow. Sat., Jan. 9, 3 p.m. 


LINCOLN 
* Aluminium Pattern Equipment by the Pressure Cast Plaster 
Process,” by D. H. Potts. Lincolnshire Branch. Lincoln 
Technical College, Lincoln. Thurs., Jan. 7, 7.15 p.m. 


NEWCASTLE-UPON-TYNE 
** Residual Stresses in Castings,”” by Dr. R. N. Parkins. Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. Sat., Jan. 9, 
6 p.m. 

SHEFFIELD 
“ Examples of Loam Moulding as Applied to Production of 
Pump Castings and Impellors,” by E. Clipson. Sheffield 
College of Commerce and Technology, Pond-street, Sheffield, 1. 
Mon., Jan. 4, 7.30 p.m. 


Institute of Fuel 


BRIDGEND 
“ Extension at Llandarcy,” by F. V. M. Bell. South Wales 
Section. Technical College, Bridgend. Fri., Jan 8, 6 p.m. 


NEWCASTLE-UPON-TY NE 
“Calorific Value of Coal,” by J. Brown. 
Section. King’s College, Newcastle-upon-Tyne. 
11, 6.30 p.m. 


North-Eastern 
Mon., Jan. 


Institute of Metals 


LONDON } 
* Rogerstone Strip Mill,”” by F. King. London Local Section. 


Thurs., Jan. 7, 6.30 p.m. 
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PROTECTING METALS BY 
PAINTING 


A series of eight lectures will be delivered at 
the Battersea Polytechnic on Thursday evenings, 
beginning on January 28, on topics relating to the 
protection of metals by painting. The lectures, 
which will commence at 7 p.m., will be delivered 
by a panel of seven lecturers and are being 
arranged in conjunction with the Corrosion 
Group of the Society of Chemical Industry, and 
the Oil and Colour Chemists’ Association. 
Subjects dealt with will include the preparation 
of metals for painting, painting for outdoor and 
immersed service, inspection, cleaning, mainten- 
ance, and the testing of paint coatings. Applica- 
tions to attend should be made to the secretary 
(paints course), Battersea Polytechnic, London, 
S.W.11. The fee is 20s. 

There will be an exhibition of protective 
methods for preventing the corrosion of steel at 
the Polytechnic on Friday, January 22, from 
10 a.m. until 5 p.m. 


BIRMINGHAM 
“Lubricants for Metal-Working Operations in the Non- 
Ferrous Metals Industries.” Informal Discussion. The 
University, Edgbaston, Birmingham, 15. Wed., Jan. 6, 
10.30 a.m. 

OXFORD 
** Industrial Methods of Electroplating,” by Dr. G. E. Gardam. 
Cadena Café, Cornmarket-street, Oxford. Tues., Jan 5,7 p.m. 


Institution of Civil Engineers 
LONDON 
“Swedish Underground Hydro-Electric Power Stations,” by 
J. F. Hagrup. Works Engineering Division. Tues., Jan. 5, 
5.30 p.m. 


Institution of Electrical Engineers 


LONDON 
“A Scaling Unit Employing Multi-Electrode Cold-Cathode 
Tubes,”” by K. Kandiah; “ A Sensitive Pulse Trigger Circuit 
with a Stable Threshold,” by K. Kandiah; ‘“‘ The Development 
of a Neutron Spectrometer for the Intermediate Energies,”’ by 
F. S. Goulding, J. C. Hammerton, M. G. Kelliher, A. W. 
Merrison and E. R. Wiblin. Measurements Section. Tues., 
Jan 5, 5.30 p.m. 
** Continuity of Electricity Supply,” by H. Leyburn. Parsons 
Memorial Lecture. Thurs., Jan. 7, 5.30 p.m. 
Film Evening. London Students’ Section. 
7 p.m. 

BIRMINGHAM 
“Technical Education of Other than National Certificate 
Students.” Discussion opened by J. Ashmore and D. I. 
Meyrick. South Midland Centre. James Watt Memorial 
Institute, Birmingham. Mon., Jan 4, 6 p.m. 

HOVE 
“Operation of Power Transformers,” by E. T. Norris. 
Southern Centre. South Eastern Electricity Board’s Offices, 
Hove. Wed., Jan. 6, 6.30 p.m. 


IPSWICH 
“* Modern Developments in Atomic Energy,” by Dr. T. E. 
Allibone. District Meeting. Crown and Anchor Hotel, 
Ipswich. Mon., Jan. 4, 6.30 p.m. 


LEEDS 
** Voltage Transformers and Current Transformers Associated 
with Switchgear,” by W. Gray and A. Wright. North Midland 
Centre. Yorkshire Electricity Division’s Offices, 1 Whitehall- 
road, Leeds. Tues., Jan. 5, 6.30 p.m. 


LIVERPOOL 
** Electronic Telephone Exchanges,” by T. H. Flowers. Mersey 
and North Wales Centre. Liverpool Royal Institution, 
Colquitt-street, Liverpool. Mon., Jan. 4, 6.30 p.m. 


MANCHESTER 
**Co-Ordination of Insulation of High-Voltage Electrical 
Installations,” by J. S. Cliff. North-Western Centre. Engi- 
neers’ Club, Manchester. Tues., Jan. 5, 6.15 p.m. 


Institution of Mechanical Engineers 


LONDON 
““Modern Thermal Power Stations,” by R. C. Nicoll and 
J. Griffin. London Graduates’ Section. Tues., Jan. 5, 
6.30 p.m. 
** Experimental Investigation into the Effect of Fuel Addition 
to the Intake Air on Performance of a Compression-Ignition 
Engine,” by W. T. Lyn ; and “ Effect of Auxiliary Fuels on 
the Smoke-Limited Power Output of Diesel Engines,” by 
L. D. Derry, Dr. E. M. Dodds, Dr. E. B. Evans and D. Royle. 
Institution Meeting in conjunction with Internal Combustion 
Engine Group. Fri., Jan. 8, 5.30 p.m. 
“ Two-Stroke Automotive Compression-Ignition Engines,”’ by 
Professor Hans List. Automobile Division. Tues., Jan. 12, 
5.30 p.m. 

NEWCASTLE-UPON-TYNE 
Annual General Meeting. North-Eastern Branch. Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. Mon., Jan. 4, 
6 p.m. 


Mon., Jan. 11, 


Institution of Production Engineers 


BRISTOL 
“* Management and the Law,” by H. P. Jost. Western Gradu- 
ate Section. Grand Hotel, Broad-street, Bristol, 1. Mon., 
Jan. 11, 7.30 p.m. 

CARDIFF 
“Increased Productivity by the Use of Compressed Air,” by 
C. M. P. Willcox. South Wales and Monmouthshire Section. 
South Wales Institute of Engineers, Park-place, Cardiff. 
Thurs., Jan. 7, 6.45 p.m. 
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COVENTRY 
Film Evening. Graduate Section. Hare and Squirrel Totel, 
Cow-lane, Coventry. Tues., Jan. 5, 7.30 p.m. 


IPSWICH 
“Production of Woven Artificial-Silk Fabrics,” by °. 9 
Boas and N. Ray. Eastern Counties Section. Di: cesag 
Hall, Tower-street, Ipswich. Fri., Jan. 8, 7.30 p.m. 


NOTTINGHAM 
“* Production Engineer and His Relations,” by J. H. Bin sham, 
Victoria Station Hotel, Milton-street, Nottingham. Wed,, 
Jan. 6, 7 p.m. 

WOLVERHAMPTON 
“* Application of Hydraulic Power as an Aid to Product: vity,” 
by F. B. Levetus. Wolverhampton and Staffordshire Tech. 
nical College, Wolverhampton. Wed., Jan. 6, 7.15 p.m. 


Institution of the Rubber Industry 


BIRMINGHAM 
“What the Aircraft Manufacturer Wants from the Kubber 
Industry,” by J. H. Cork. Midland Section. James Wat 
Memorial Institute, Birmingham. Mon., Jan. 11, 6.45 p.m, 
LEICESTER 


“* Extruders and Extrusion,’”’ by H. C. Harrison. 
Leicester. Wed., Jan. 13, 7.30 p.m. 


NEWCASTLE-UPON-TYNE 
“Rubber and Ships,” by Dr. W. J. S. Naunton. North 
Eastern Section. Neville Hall, Westgate-road, Newcastle 
upon-Tyne. Mon., Jan. 4, 7 p.m. 

PRESTON 
“Role of Latex in the Rubber Industry,” by E. W. Madge, 
Bull and Royal Hotel, Church-street, Preston. Mon., Jan, il, 
7.15 p.m. 


Bell Hotel, 


Institution of Sanitary Engineers 
LONDON 
Presidential Address, by E. H. Vick. Caxton Hall, Wes 
minster, S.W.1. Thurs., Jan. 7, 6 p.m. 


Institution of Structural Engineers 


BRISTOL 
“Hangars at London Airport : Design of Long-Span Pre 
stressed-Concrete Beams,” by A. J. Harris. The University, 
University-road, Bristol. Fri., Jan. 8, 6 p.m. 


Institution of Works Managers 


NOTTINGHAM 
“ Problems of My Job.” Open Discussion. Notts and Derby 
Branch. Welbeck Hotel, Nottingham. Fri., Jan. 8, 8 p.m, 


Junior Institution of Engineers 

LONDON 
** A Modern Vehicle-Actuated Detector and Its Development,” 
by H. J. N. Riddle. Townsend House, Greycoat-place, §.W.1. 
Fri., Jan. 8, 7 p.m. 

BIRMINGHAM 
“Brewing and Distilling.” Chairman’s Address, by T. F. 
Luck. Midland Section. James Watt Memorial Institute, 
Birmingham. Wed., Jan. 6, 7 p.m. 

SHEFFIELD 
“Clean City Air : An Engineer’s Problem,” by James Law. 
Livesey Clegg House, Union-street, Sheffield. Mon., Jan. ll, 
7.30 p.m. 


Manchester Association of Engineers 
MANCHESTER 


“Training of Designer-Draughtsmen.” Discussion. Eng- 
neers’ Club, Manchester. Fri., Jan. 8, 6.45 p.m. 


Reinforced Concrete Association 


LIVERPOOL & MANCHESTER 
**Concreting Methods and Machinery,” by A. P. Lambert. 
College of Technology, Manchester, Tues., Jan. 5, 6.45 p.m.; 
and 9 The Temple, 24 Dale-street, Liverpool, Wed., Jan. 6 
6.30 p.m. 


Royal Aeronautical Society 
LONDON 
“ The Fun of Finding Out in Flying,” by Sir Leonard Bairstov. 
Institution of Mechanical Engineers, 1 Birdcage Walk, St 
James’s Park, S.W.1. Lecture for Young People. Thurs., Jam.1, 
3 p.m. 


Television Society 


LONDON 
“The Marconi Television O.B. Unit,” by C. Carringtoa 
Film House, Wardour-street, W.1. Wed., Jan. 6, 6.45 pl 


The address of the headquarters of each Institution is given in the following list. | Meetings held int 
headquarters town are held at this address unless otherwise stated. Particulars for this column should 
reach the Editor not later than Monday morning in the week preceeding the date of the meeting 


British Institution of Radio Engineers, 9 Bedford-square, 
London, W.C.1. 
Incorporated Plant Engineers, 48 Drury-lane, Solihull, Bir- 
mingham. 
Institute of British Foundrymen, St. John Street Chambers, 
nsgate, Manchester, 3. 
— of Fuel, 18 Devonshire-street, Portland-place, London, 


aa 
Institute of Metals, 4 Grosvenor-gardens, London, S.W.1. 
— of Civil Engineers, Great George-street, London, 


S.W.1. 

Institution of Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2. 

Institution of Mechanical Engineers, 1 Birdcage Walk, St. James’s 
Park, London, S.W.1. 

— of Production Engineers, 36 Portman-square, London, 


Institution of the Rubber Industry, 12 Whitehall. Londos, 
S.W.1. 

nstitution of Sanitary Engineers, 118 Victoria-street, Londo, 
S.W.1. 

Institution of Structural Engineers, 11 Upper Belgrave-strees 


London, S.W.1. 
iaptiention of Works Managers, 67-68 Chandos-place, Londot, 


Junior Institution of Engineers, 39 Victoria-street, Londos, 
S.W.1 


Manchester Association of Engineers, 20 Booth-st'cet, Mar 
chester, 2. 
a Concrete Association, 94-98 Petty Franc-, Londos, 
.W.1. 


Royal Aeronautical Society, 4 Hamilton-place, Lond«=, w.l. 
Television Society, 164 Shaftesbury-avenue, Londo: 








